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S E L E C T I O N O F C H E M I C A L S O F P O T E N T I A L H U M A N H E A L T H C O N C E R N
AT THE V A S Q U E Z BOULEVARD AND 1-70 SITE

1.0 INTRODUCTION
Chemicals of potential concern (COPCs) are chemicals which a) are present at a site, b)
occur at concentrations which are or might be of health concern to exposed humans, and
c) are or might be due to releases from a S u p e r f u n d site. U S E P A has derived a standard
method for selecting COPCs at a site, as detailed in Risk Assessment Guidance for
Superfund: Human Health Evaluation Manual (Part A) ( U S E P A 1989). In brie f ,
U S E P A assumes that any chemical detected at a site is a candidate for selection as a
COPC, but i d e n t i f i e s a number of alternative methods that may be used for determining
when a chemical is not of concern and may be eliminated from further consideration.
Each risk assessment may choose to a p p l y some or all of the methods i d e n t i f i e d by
U S E P A to select COPCs, as appropriate .
2.0 DATA BASE U S E D TO S E L E C T COPCs
Most soil samples collected from the Vasquez Boulevard and 1-70 ( V B I 7 0 ) site have
been analyzed by X-ray f luore s c ence (XRF) for only a few contaminants (arsenic, l ead ,
cadmium and zinc), and only the data for arsenic and lead are considered to be re l iable
(UOS 1998). However, a sub-set of samples have been analyzed for the f u l l suite of 23
metals on USEPA's Target Analyte List (TAL), and these data are the basis of the COPC
selection procedure. The data consist of two sub-sets:

• Analyses performed during Phase I, using the bulk frac t ion (part i c l e size <2 mm)
of 44 samples selected at random to confirm the accuracy of the XRF
measurements for arsenic and lead and to quanti fy the levels of TAL metals.
Because these samples were selected a priori and without regard to the level of
contamination, there are only 9 of these sample s that contain concentrations of
arsenic above 100 ppm, with the maximum value being 1,200 ppm. Thus, these
samples are h e l p f u l in the COPC selection procedure, but may not necessarily
characterize the chemicals that may be of concern at the most contaminated
propert ie s .

• Subsequent to Phase I and Phase II, U S E P A performed a study on 8 residential
proper t i e s in the study area s p e c i f i c a l l y intended to support the COPC selection
procedure. F i v e (5) propert ie s were chosen because arsenic l eve l s exceed the
established removal action level. Three (3) properties had arsenic below this
action level. The data set used to support the COPC selection procedure consists
of the f ine s frac t ion (part i c l e size <250 um) of 10 soil samples selected (based on
the result s of Phase I) to contain high level s of arsenic (6,000 to 12,000 ppm).
Two (2) samples from each of the 5 most contaminated propertie s were chosen
because these samples are l ike ly to re f l e c t the contaminants most l ik e ly to be of
concern.
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These data are presented in A p p e n d i x 1, and summary s tat i s t i c s are presented in T a b l e 1.
In the case of copper, there is one sample whose analytical value (14,000 p p m ) appears to
be clearly inconsistent with all of the other 53 values (average = 37 ppm, max = 71 ppm).
On this basis, the one extreme value for copper is excluded as an outlier, and screening is
based on the remaining samples. All other data values were used. Non-de t e c t s were
evaluated using the reported de tec t ion limit.
3.0 COPC S E L E C T I O N M E T H O D AT THE VBI70 SITE

S t e p 1: El imina t e chemicals whose maximum value is below a level of concern
T h i s step involves comparing the maximum detected value in a medium to an appropriate
Risk-Based Concentration (RBC). If the maximum value is less than the RBC, the
chemical does not pose a risk and can be eliminated.
The RBCs used in this evaluation were taken from USEPA's Region III Risk-Based
Concentration (RBC) table for residential soil. The value of each RBC depends on the
s p e c i f i e d Target Risk level. In accord with the goal that the COPC se l e c t i on process
should be conservative, the Target Risk l ev e l s used in this evaluation are IE-06 for
carcinogenic chemicals and a hazard quotient (HQ) of 1.0 for noncarcinogenic chemicals.
T a b l e 2 l i s t s the Region III RBCs for each chemical and i d e n t i f i e s those which can and
cannot be e l iminated at this s t ep. Based on this screening step, the f o l l o w i n g chemicals
are eliminated:

• Aluminum
• Barium
• Beryllium
• Cadmium
• Chromium
• Cobalt
• Copper
• Manganese
• Mercury
• Nickel
• Sel en ium
• S i l v e r
• Vanadium
• Zinc
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S t e p 2. E l imina t e Benef i c ia l Mineral s
In accord with U S E P A (1989), chemicals that are normal constituents of the body and the
diet and are required for good health may be eliminated unless there is evidence that site-
s p e c i f i c releases have elevated concentrations into a range where intakes would be
p o t e n t i a l l y toxic. At this site, there is no reason to suspect this is the case, so the
f o l l o w i n g chemicals are eliminated on this basis:

• Calcium
• Magnesium
• Potassium
• S o d i u m

Iron is also eliminated on this basis, since the average concentration of iron (13,400 p p m )
is well below the screening level of 23,000 ppm. A d d i t i o n a l l y , only 1 of 54 sample s
exceeds the RBC for iron, and this only by a small amount (26,000 vs. 23,000 ppm).
S t e p 3. El iminat e Chemical s Whose Contribut ion is Minor Compared to Others
F o l l o w i n g S t e p s 1 and 2, the list of chemicals remaining is:

• Arsenic
• Antimony
• Lead
• T h a l l i u m

Antimony may be eliminated because the magnitude of the risk which it poses is very
small compared to that posed by arsenic. For example, in the 10 samples most
contaminated with arsenic, the average concentration of antimony is about 1% that of
arsenic. Because the chronic oral RfD for antimony (4E-04) is s l i g h t l y larger that the
RfD for arsenic (3E-04 ), it is clear that the average non-cancer risk contributed by
antimony is less than 1% of that contributed by arsenic. That is, if antimony was retained
and the non-cancer risk were quant i f i ed , the risk would be less than 1% larger than if
antimony were not included. Because an increment of 1% is well within the uncertainty
range of the risk assessment procedure, inclusion of antimony would not change any risk
interpretations and there fore is j u d g e d to be unnecessary.
S t e p 4. S p e c i a l Inve s t i ga t i on for T h a l l i u m
Data on thal l ium available from the existing TAL analyses are internally inconsistent, as
shown below:

Parameter
Mean ( p p m )
Max ( p p m )
Detection Limit ( p p m )

Data Set 1
13.5
19
10

Data Set 2
0.45
0.68
0.1
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The basis for this internal inconsistency is not clear. One p o s s i b i l i t y is that d i f f e r e n c e s in
analytical methods are responsible. Data in Set 1 (co l l e c t ed during Phase I) uti l ized an
analytical method ( T C P - T r a c e , U S E P A Method 6010) that had a re la t ive ly high de t e c t i on
l imi t , and most of the reported values were near that detect ion limit. In the second data
set ( s p e c i f i c a l l y target ing sample s high in arsenic), tha l l ium was analyzed by USEPA
Method 6020 (ICP-MS) which has a much lower detec t ion limit for thal l ium. In general,
the results of the second analysis are thought to be more re l iab le , and are in accord with
expected tha l l ium level s in background soils. However, because it is not certain that the
result s f r om the second analysis are actually more reliable than from the f i r s t , a special
study was performed in which thall ium levels were measured in six samples from each of
data Set 1 and data Set 2. The detail s of this study are presented in Attachment 1 to this
Append ix .

S U M M A R Y : C H E M I C A L S S E L E C T E D AS COPCs AT VBI70
Based on the methods and data de tai led above, the COPCs selected for quantitative
evaluation at the VBI70 site are:

A R S E N I C
LEAD
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Reference:
URS Operating Services [UOS]. 1998. F i n a l S a m p l i n g A c t i v i t i e s Report f or N o r t h
Denver Residential S o i l s - Phase I. June 1998.
U S E P A . 1989. Risk Assessment Guidance for S u p e r f u n d . Volume I. Human health
Evaluation Manual (Part A). U.S Environmental Protect ion Agency , O f f i c e of
Emergency and Remedial Response. E P A / 5 4 0 / 1 -89/002.

U S E P A . 1999. U . S . Environmental Protect ion Agency. Region III Risk-Based
Concentration T a b l e . P h i l a d e l p h i a , PA. April 12.
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T A B L E 1 S U M M A R Y S T A T I S T I C S F O R S O I L S A M P L E S

A n a l y t e
A L U M I N U M
A N T I M O N Y
A R S E N I C
B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
C O B A L T
C O P P E R ( a )
L E A D
M A N G A N E S E
M E R C U R Y
N I C K E L
S E L E N I U M
S I L V E R
T H A L L I U M
V A N A D I U M
Z I N C
C A L C I U M
I R O N
M A G N E S I U M
P O T A S S I U M
S O D I U M

N
54
54
54
54
54
54
54
54
53
54
54
54
54
54
54
54
54
54
54
54
54
54
54

D e t e c t i o n
F r e q u e n c y

100%
22%
93%
100%
98%

100%
100%
98%
100%
100%
100%
93%
100%
19%
69%
89%
100%
100%
100%
100%
100%
100%

5%

S u m m a r y S t a t i s t i c s
M i n

4900
2.2

5
91
0.3
0.9
7.2
1.0
12
36

160
0.1
5.9
0.3
0.3
0.2
13
84

1900
7900
1400
1400
300

M a x
15000

54
9940
1000

1.1
19
99
7.0
71

3550
560

11
96
10
3

19
42

3680
41000
26000
4100
4100
440

M e a n
8761
6.8
543
251
0.7
5.9
22
4.6
37

712
323
1.0
11
9

0.7
11
21

499
6757
13405
2400
2350
304

a. E x c l u d e s one v a l u e (14,000 p p m ) t h a t i s c o n s i d e r e d a n o m a l o u s
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T A B L E 2 C O M P A R I S O N O F M A X I M U M V A L U E S T O RBCs

A n a l y t e
A L U M I N U M

B A R I U M
B E R Y L L I U M
C A D M I U M
C H R O M I U M
C O B A L T
C O P P E R ( a )
MAN<3ANESE" """""""
M E R C U R Y
N I C K E L
S E L E N I U M
S I L V E R
V A N A D I U M
Z I N C
C A L C I U M
|||||i[;;||||l|:;:|:;:l|:||||l|;j
M A G N E S I U M ' " " " • " " " " " • " ' •
P O T A S S I U M
S O D I U M

M a x i m u m
Cone ( p p m )

15000

1666
1.1
19
99
7.0
71

"""""""""560""'"""""
11
96
10
3

42
3680

41000iiiiiliiiiiiiii
4100
4100
440

R e g i o n I I I
R B C ( p p m )

78400liiiiiiiiiii
5500
160
78

230
4700
3100

""""""leoo""""""
23

1600
390
390iiiiiliiiiiiiii550

23000
-iiiiiliiiiiiiii-«~

Retain as
C O P C ?

no
II ill I no

no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
no
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A T T A C H M E N T 1
S P E C I A L S T U D Y O N T H A L L I U M I N S I T E S O I L S
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I S S I C o n s u l t i n g G r o u p
9 9 9 1 8 t h S t r e e t , S u i t e 1450
Denver, CO 80202
ph 303.292.4142 • fax 303.292.4926

U . S . S B A 8 ( a ) c e r t i f i e d
p o s t m a s t e r @ i s s i i n c . c o m

www. i s s i in c . c om
MEMO
To: Bonnie L a v e l l e , Chris Wei s
From: Bil l Brattin, Mary G o l d a d e
Date: 6 / 1 5 / 9 9
S u b j : S p e c i a l Evaluation of T h a l l i u m in VBI70 S o i l s
As we di s cus s ed, available data are in t ernal ly inconsistent on the level of t ha l l i um (Tl) in site
so i l s at V B I 7 0 . We suspect , but cannot demonstrate unambiguously, that l eve l s are low (< 1
ppm), and are not of health concern. In order to resolve this issue, we recommend proceeding
with a small study, as described below.
D A T A Q U A L I T Y O B J E C T I V E S
S t a t e the Problem
A v a i l a b l e data are not internal ly consistent regarding the level of tha l l ium. One data set
(measured by I C P - t r a c e ) sugge s t s t ha l l ium l eve l s are 10-20 ppm (above a level of concern).
Another data set (measured by ICP-MS) suggests thal l ium exists at levels less than 1 ppm (below
a level of concern). The problem is to determine which data set is correct.
Decisions to Be Made
The decision to be made is whether or not the Phase 3 soil sampling pro j e c t will i d e n t i f y thal l ium
as a contaminant of potent ial concern ( C O P C ) and, there fore included on the target analyte l i s t .
T y p e s o f I n p u t N e e d e d
Data required to resolve this issue are accurate and r e l iab l e measurements of t ha l l ium in site soil.
T h i s includes adequate quality assurance/quali ty control ( Q A / Q C ) data to e s tab l i sh that the
measurements are re l iable .
Decision Rule
If site soi l s contain thal l ium at l ev e l s l arge ly or entirely below the Region III risk-based soil
screening level (5 ppm), thal l ium may be dropped as a COPC. If site level s are large ly or
entirely above 5 ppm, thal l ium will be retained as a COPC.
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S T U D Y D E S I G N
Number of sample s
A total of 10 site soil sample s will be analyzed for thallium. The 10 site soi l s will be comprised
of 6 sample s f r om the set of s o i l s previous ly analyzed by T C P - t r a c e ( y i e l d i n g Tl l eve l s of 10-20
p p m ) p lu s 4 sample s from the set of s o i l s previously analyzed by ICP-MS ( y i e l d i n g Tl l eve l s
below 1 ppm). It should be noted that d i f f e r e n t f ra c t i on s of s o i l s were analyzed for each method.
During the past inves t igations (Phase I [UOS 1998a] and RBS [ISSI 1 9 9 9 a ] ) , sample s that were
analyzed by ICP-trace were sieved to <2 mm prior to analysis, while samples analyzed by ICP-
MS were sieved to <250 ^m. Due to l imited avai lab i l i ty of archived sample s , bulk sample s
(sieved to <2 mm) will be analyzed by ICP-trace , while raw sample s (not s i eved) will be
analyzed by ICP-MS for this tha l l ium study. F i n e sample s (sieved to <250 /j,m) were not
available for analyses.
The list of s p e c i f i c sample s se lected and the analytical results for thal l ium available prior to this
study are summarized in T a b l e 1.
Q A / O C
Four blind QC sample s ( c e r t i f i e d reference materials) will be included in random order with the
10 site samples. T h e s e f our sample s will consist of two sample s each of two commercial
s tandards, in c lud ing 1) a c e r t i f i ed clean soil (low tha l l ium, about 0.49 p p m ) , and 2) a c e r t i f i e d
t ha l l ium standard of approx imat e ly 5.0 ppm.
Analy t i ca l methods
Each sample will be analyzed for tha l l ium by three analytical methods:

ICP-trac e (EP A S W-846 Method 601 OB)
ICP-MS (EPA SW-846 Method 6020)
Graphite furnace (EPA S W - 8 4 6 Method 7841)

V a l i d a t i o n of Recovery
In order to assess the recovery of tha l l ium from each sample , every sample will be analyzed in its
original form along with a matrix spike (MS). The MS will be spiked so that the increment in
thall ium concentration is about 5 ppm.
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T A B L E 1. S A M P L E ID AND P R E V I O U S THALLIUM RESULTS

F i e l d
S a m p l e I D

C4690CYB-064
C4690CYB-046E

C 4 7 1 1 T H F - 0 0 1
C4771VIN-001

D 4 7 0 1 J O S 1 0
D 4 1 4 5 F I B 1 0

D 4 7 1 5 G Y F 1 0
D 4 0 5 0 F I B 1 0

D 4 7 8 5 C L F 1 0
D4780CBB10

CLP Lab
S a m p l e I D

D9D 100 11 8-002
D9D 100 11 8-004
D9D 100 11 8-006

D9D1001 18-0010
9804190-35
9804190-19
9804190-36
9804190-41
9804190-43
9804190-26

X R F L a b
S a m p l e I D
ND-98-782
ND-98-640
ND-98-549
ND-98-245
ND-98-016
ND-98-022
ND-98-027
ND-98-058
ND-98-064
ND-98-069

Original
M e t h o d a

I C P - M S
I C P - M S
I C P - M S
I C P - M S

I C P - T
I C P - T
I C P - T
I C P - T
I C P - T
I C P - T

Original V a l u e
T h a l l i u m ( p p m )

0.63
0.20
0.33
0.33

10
12
17
11
15
16

1 S a m p l e s analyzed by ICP-MS were sieved to <250 /
S a m p l e s analyzed by ICP-T were sieved to <2 mm.
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T A B L E 2 L I S T O F S A M P L E S A N D S A M P L E N U M B E R S

I n d e x
1
2
3
4
5
6
7
8
9
10
11
12
13
14

F i e l d I D
C e r t i f i e d 0.49 ppm
(RM 8604)
C e r t i f i e d 0.49 ppm

(RM 8604)
C e r t i f i e d 5.0 ppm

(RM 8607)
C e r t i f i e d 5.0 ppm
(RM 8607)
ND-98-016
ND-98-022
ND-98-027
ND-98-058
ND-98-064
ND-98-069
ND-98-245
ND-98-782
ND-98-640
ND-98-549

S a m p l e Number
T l - 1 5

T l - 3
T l - 1 2

T l - 4
T l - 8
T l - 2
T l - 6
Tl-7

T l - 1 1
T l - 9

T l - 1 6
T l - 1
T l - 5

T l - 1 0
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A p p e n d i x B:
S i t e Map D e p i c t i n g Concentrat ions o f Arsenic Acros s VBI70
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I S S I C o n s u l t i n g G r o u p
999 1 8 t h Stre e l . Sui t e 1450
Denver, CO 80202
ph 303.292.4142 • fax 303.292.4926

U . S . S B A 8 ( a ) c e r t i f i e d
_ _ p o s t m a s t e r @ i s s i i n c . c o mMEMORANDUM 'SS\ www.ssiinc.com

To: Chris Weis & Bonnie Lave l l e
From: Mary G o l d a d e
Date: J u n e 18, 1999
P r o j e c t N a m e : Vasquez Boulevard & 1-70
RE: Phase 3 I n v e s t i g a t i o n - Rationale for C o l l e c t i n g S u r f a c e S o i l S a m p l e s Only
cc: Pro j e c t F i l e s

Purpose
Using soil data gathered f r o m the Vasquez Boulevard and I n t e r s t a t e 70 ( V B I 7 0 ) site to da t e , determine whether the
l e v e l s of arsenic and lead f o u n d in the sur face s o i l s (0-2 inches) are g e n e r a l l y higher or lower than that of s o i l s at
d e p t h s of 6-10 inches. The conclusions reached in thi s memorandum w i l l be the s c i e n t i f i c basis for d e c i d i n g
whether soi l s at d e p t h must inc luded in the VBI70 Phase 3 s tudy des ign.
Historical Data
Paired surface soil and d e p t h sample s were co l l e c t ed in three previous sampling programs: Phase I/II (UOS 1998a,
1998b); and Risk-Based S a m p l i n g (ISSI 1999a). The primary ob j e c t ive for each of these investigations was to
determine the nature and extent of arsenic and lead l eve l s in soil s at the VBI70 site. Ther e f o r e , this investigation
included co l l ec t ion of both surf i c ial and d e p t h sample s .
Depth samples were co l l e c t ed for the Phase I/II sampling program at approx imate ly 6-10 inches from the soil
horizon at most residences from which surface soils were also co l l ec t ed. All soil s were tested for both lead and
arsenic. In general, the l ev e l s of lead and arsenic found in the surf i c ial so i l s were at least as high and usually higher
than those found in the corre sponding d e p t h sample.
As part of the Risk-Based S a m p l i n g (RBS) Program, the concentration p r o f i l e for arsenic, lead, cadmium and zinc
in re s ident ia l soi l s were measured. T h i s was done by c o l l e c t i n g soil cores in the 0-12 inch horizon and measuring
target me ta l s (arsenic, l ead, cadmium and zinc) in each 2 inch interval. T h e s e data are presented in the Draft Report
f o r t h e V B I 7 0 Residential Risk-Based S a m p l i n g S t a g e I I n v e s t i g a t i o n ( I S S I C o n s u l t i n g Group [ I S S I ] 1999a). A s
seen, a l though the absolute concentration of each metal varies cons iderably, concentrations of all target me ta l s
(arsenic, lead cadmium and zinc) tend to decrease with increasing depth .
Summary of Results
The hi s torical data obtained for Phase I/II and the RBS were fur ther evaluated and the resul t s of these evaluations
are p r o v i d e d in T a b l e 1. In b r i e f , the ratio of the metal s l e v e l s present in surface s o i l s to those f ound in the
corre sponding d e p t h sample s were c a l c u l a t e d for each sur face soil and d e p t h s ampl e pair. F i n a l l y , the mean surface
to depth ratios were calculated for each of 5 metals concentration intervals for both the Phase I/II and RBS
investigations. If the value of the ratios are equal to one, then the metals levels in surface soils are approx imat e ly
equal those in the depth samples. If the ratios are greater than one, then the metals l ev e l s in the surficial soils are
greater than those found at dep th . Alt e rna t iv e ly , if the ratios are less than one, then the metals levels in the d e p t h
samples are greater than those found in surface soils.
As seen in T a b l e 1, arsenic and lead level s measured during Phase I/II have at minimum a 1:1 re lat ionship for
R:\Vasquez & I-70\Project PlansVPhase III\Surface S o i A S u r f a c e soil rationale.wpd 1
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corre sponding sur fac e and d e p t h s ampl e s and the arsenic and lead l e v e l s in s u r f a c e s o i l s increase as the
s u r f a c e : d e p t h ratio increases. T h e r e f o r e , the highest me ta l s l e v e l s tend to occur at the surface. T h i s general trend is
also observed for the RBS data.
Conclusion
When contamination is present in so i l s below the 0-2 inch d e p t h , contamination is g enera l ly al so present in the
corre sponding s u r f i c i a l s o i l s at equal or greater concentrations. T h e r e f o r e , a s tudy that is de s igned to i d e n t i f y
res idences with e l evat ed l e v e l s of contaminants of po t ent ia l concern ( C O P C s ) in the surface s o i l s w i l l be s u f f i c i e n t
in i d e n t i f y i n g the impacted locations. Phase 3 soil inves t igat ions at V B I 7 0 w i l l be res tric ted to c o l l e c t i o n of surface
so i l s only. If l ev e l s of COPCs are determined to be present in the r e s i d e n t i a l surface s o i l s above a level of concern,
the residence may be inves t igated fur th e r to determine if and to what d e p t h r emedia t i on of yard s o i l s is necessary.
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T a b l e 1 - Descr ip t ive S t a t i s t i c s for S u r f a c e : D e p t h Ratios o f M e t a l s Leve l s
Measured f o r t h e Phase I & I I a n d Risk-Based S a m p l i n g Events ( I n t e n s i v e Grid S a m p l e s )
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Vasquez Boulevard & 1-70 - Phase III DRAFT- Do Not C i t e

A p p e n d i x D:
Summary of Sta t i s t i ca l Analys i s

S i m u l a t i o n s p er f ormed on risk-based s a m p l i n g data f rom locat ions 3,4,
and 5.
Simulat ions to determine the normality of composite samples using the
minimum value as the reporting limit.

S i m u l a t i o n s to determine the normality of compos i t e sample s using
est imated values below the report ing limit.
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S p a t i a l D i s p l a y o f F o c a l Propert ie s
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Normal(Mu"48.Z13 Sigm«-37.763) "—— Lognomiairnieta-0 S h a p f l » . 9 3 Scate«3.5)

Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e Soi l Grid s a m p l i n gDistributional Fits, "Focar Data OnlyL E V E l X J n l m p a c t e d M A P - M a p 7 A D D R E S S - 4 7 1 2 J O

Nomwl(Mu-6.6895 Slo.ma-2.7348) L o g n o r m a l C T i i e l a - O Shape«0.4 Scal e-1 .8)

Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive Sur fa c e Soil Grid S a m p l i n gD i s t r i b u l l o n a l Fits . "Focal" Data OnlyLEVEL»Unlmpac t ed M A P - M a p 7 ADDRESS-4712.10

425 475

N c r m a l ( M u - 2 S 7 . 7 Sloma-91 889) lognoimairjtMta-0 Shape«.33 S c a t e - S . f l )

Vaiqu.i Blvd. and 1-70 (VBI70) SiteInt en s iv e S u r f a c e S o i l Grid S a m p l i n gDistributional Fits. "Focal" Data OnlyL E V E L - U n i m p a c t e d M A P - M a p 7 A D D R E S S - 4 7 1 2 J O

200 280

Normal(Mu-402.03 S i g m a - 1 7 t . 2 7 ) L o g n o m i a l C T t i e l B ^ ) Shape-0.4 Scata-5.9)



Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive Sur fa c e Soil Grid S a m p l i n gD l s t r l b u t k j n a l F i t s , ' F o c a l ' Data OnlyL E V E L - U n i m p a c t e d M A P - M a p 8 A D D R E S S - 4 S 0 1 M I

BOO
AS

Normal(MiJ-232.48 Slgma-242.85)

1300 1500

' — — — — Lognomial(Tneta*0 Shape-1.2 Scale-4.9)

Vasquez Blvd. and 1-70 (VBI70) SIMIntensive Surface Soil Grid S a m p l i n gDistributional Fit s . Tocar Data OnlytEVEL-Unlmpac t ed MAP-Map B A D D R E S S - 4 8 0 1 U I

\

6.75
CD

N o r m a l ( M u « 6 . 7 5 9 2 Slgma»2.3498) L o g n o r m a l C T h e t a ^ ) Shape-.42 Sca»»1.8)

Vasquez Blvd. and I-70 (VBI70) SiteIntens ive Sur fa c e Soil Grid S a m p l i n gDistr ibut ional F i l § . ' F o c a r Data OnlyL E V e i ' U n i m p a c t e d M A P - M a p 8 A D D R E S S - 4 B 0 1 M I

— I —
160

— I —
240

— I —
320

— I — —
640

Noimal(Mu>2f9 .8 t S l g m a ' 7 9 . 5 4 3 ) •— Lognom>alfni«la«0 Shape».35 Scale-5.3)

Vaiquez Blvd. and 1-70 (VBI70) SiteIntensive Sur fa c e Soil Grid S a m p l i n gDis tr i bu t i ona l Fits. "Focal" Data OnlyL E V E L - U n l m p a c t e d M A P - M a p 8 A D O R E S S M 8 0 1 M I

Normal(Mu-224.03 Slgma-135.43) LogT»mul(Theta-0 S h a p e - 42 Sole-5.3)



Vasquez Boulevard & 1-70 - Phase III DRAFT- Do Not Cite

Simula t i on s to determine the normality of composite
s a m p l e s using the minimum value as the report ing limit

Vasquez & I-70\Project PlansVPhase IIRDocument



Vasquez Blvd. und 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gD i s t r i b u t i o n a l F i t s , • F o c a l ' Data OnlyL E V E L - l m p a c l e d M A P = M a p 1 A O D R E S S M 7 1 1 T H
Normal Tes t S l a t
Normal T e s t P-Value

0.905004
0.0000

-1 0 1
Normal Quantl l e*

Mu«969.78, Slgma«787.29

Vasquez Blvd. and I-70 (VBI70) SUBI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistributional Fits, "Focar Data OnlyL E V E L - l m p a c t e d M A P « M a p 1 A D D R E S S - 4 7 1 1 T H

-1 0
N o r m a l Quarrli loB

Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDis t r i bu t i ona l Fil l . Tocar Data OnlyL E V E L - l m p a c t e d M A P ' M a p 1 A D D R E S S - 4 7 1 1 T H

5 10 25 50 75 90 95
Normal Percent l l ea

Mu^69.78, Slflmn-787.29

Vaiquez Blvd. «nd 1-70 (VBI70) SIMInten s iv e S u r f a c e S o i l Grid S a m p l i n gDistributional Fit s . Tocsr Data OnlyL E V E l « l m p a c t e d M A P » M a p 1 A D D R E S S - 4 7 1 1 T H

.1 1 5 10 25 50 75 90 95
Normal Percentiles

Mu"6 3872. Slgma-1.2291



Vasquez Blvd. and 1-70 (VBI70) S i t eInten s iv e S u r f a c e S o i l Grid S a m p l i n gDis tr i bu t i ona l F i t s , ' F o c a l - Data OnlyL E V E L « l m p a c l e d M A P = M a p 2 A D D R E S S « 4 6 9 0 C Y
Normal T e s t S t a t
Normal T e s t p-Value

0.80909
0.0000

0 1
Normal Quant l l e t

Mu-1888.7. Slgma-2034.2

Vasquez Blvd. and 1-70 (VBI70) SHeIntensive Sur fa c e Soil Grid S a m p l i n gDistr ibut ional Fits. "Focar Data OnlyL E V E L - l m p a c t e d M A P - M a p 2 A D D R E S S M 6 9 0 C Y

0 1
Normal Q u a n t i l s s

Mu«6.707. S l o m a - 1 . 6 3 S 4

Vatquez Blvd. and 1-70 (VBI70) SiteIntens ive S u r f a c e S o i l Grid S a m p l i n gDistr ibu t i ona l Fits . Tocar Data OnlyL E V £ L » l m p 8 C l e d M A P " M a p 2 ADOReSS-4690CY

5 10 25 50 75
Normal Peroant l lM

Mu-1888.7. Slgm«*2034.2

Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive Surface Soil Grid S a m p l i n gDistributional Fits , "Focal" Data Only1-EVEL-lmpac t ed M A P - M a p 2 ADDRESS-4690CY

1 5 10 25 60 75 90 95
Normal Peroenti le s

Mu-6.707,Slgma-1.63M



Vasquez Blvd. and 1-70 (VBI70) siteIntens ive S u r f a c e S o i l Grid S a m p l i n gD i s t r i b u t i o n a l F i t s , ' F o c a l " Data OnlyL E V E L ' l m p a c t e d M A P - M a p 3 ADDRESS-48SOAD
Normal T e s t S l a t
Normal Tost p-Value

0.7B809!
0.0000

"3. 1500-

-3 -Z -1 0 1
Normal Quantum

Mu-385.69. Slsma«406.89

VasQuaz Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistribut ional Fils . "Focal" Data OnlyL E V E l - l m p a c l e d M A P - M a p 3 A D D R E S S M B 5 0 A D

0 1 2
Normal Quantllas

— — — — Mu-5.3497.Slo.ma-1.2572

Vaiquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gD i s t r i b u t i o n a l Fit s , "Focal* Data OnlyL E V E L - l m p a d e d M A P ' M a p 3 ADORESS-4$50AD

3 1600-

Normal Tes t S l a t
Normal Test P-Value

0.788091
0.0000

5 10 25 SO 75 90 95
Normal Percent!!**

Mu-385.69. Slgma-M06.89

Vasquez Blvd. and I-70 (VBI70) SiteInten s iv e S u r f a c e Soii Grid S a m p l i n gDistributional Fits , "Focal" Data OnlyL E V E L - l m p a c t e d M A P - M a p 3 A D O R E S S - 4 8 5 0 A D

25 50 75
Normal Percent*!**

Mu>5.3497, Slgma-1.2572



Vaiquez Blvd. and 1-70 (VBI70) SiteInlBnsivo S u r f a c e Soil Grtd S a m p l i n gD l s t n t x j t i o n a l Fi t s , "Focaf Data OnlyLEVEL-lmpac l ed M A P = M a p 4 ADDRESS»4771VI
Normal Tent Slat
Normal T e s t P - V a l u a

0.823663
0.0000

-1 0 1
Nonnal Quantilat

Mu-511.44.Slam8-576.6

Vaiquu Blvd. and 1-70 (VBI70) SitaI n t e n s l v a S u r f a c e Soi l Grid S a m p l i n gDistributkmal F i t s , "Focal" Data OnlyL E V E L - l m p s c t e d M A P - M a p 4 ADDRESS'4771 VI

-1 0
Normal Quantilei

Mu>5.0979, S!gma»1.B813

Vasquez Blvd. and 1-70 (VBI70) SiteIntensive Surface Soil Grid S a m p l i n gDistributional Fits , "Focar Data OnlyLEVEL"lmpac t ed M A P - M a p 4 ADDRESS-4771 VI

Mu>511.44. Sr0ma-576.B

V n q u f f i Blvd. and 1-70 (VBI70) SlbjI n t e n s l v B S u r f a c e G o J I Grid S a m p U n oDMributkmal F i t s . T o c a f Dala OnlyL E V E L - l m p a c t e d M A P - M a p 4 A D D R E S S - 4 7 7 1 V 1

25 50 75
Normal Porc en l i t o i

Mu»5.0979, Slgma-1.8813



Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDis tr i bu t i ona l Fit s , "Focal" Data OnlyL E V E L - l m p a c t e d M A P » M a p 5 A D D R E S S - 4 6 9 1 V I

Normal T e s t S l a t 0.767155
Normal Test P-Value 0.0000

- 2 - 1 0 1
Normal Quantiles

Mu-23«4.7, Slgma-2701

Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistribut ional Fit s , "Focal" Data OnlyL E V E L - l m p a c t e d M A P « M a p 5 A D O R E S S - 4 6 9 1 V I

0 1
Normal Quant l l e s

Mu-6.9719. Slgma-1.5376

Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gD i s t r i b u t i o n a l F i t s , "Focal" Data O n l yL E V E L - l m p a c t e d M A P - M a p 5 A D D R E S S M 6 9 1 V I

1Normal T e s t S t a t
Normal Test P-Value

0.767155
0.0000

25 50 75
Normal P e r c a n t J I e i

Mu-2364.7. Slgma-2701

Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e Sol: Grid S a m p l i n gD i s t r i b u t i o n a l Fit s , "Focal" Data OnlyL E V E L - l m p a c t e d M A P - M a p 5 A D D R E S S - 4 6 9 1 VI

.1 1 5 10 25 50 75 80 95
Normal Peroant i l e f t

Mu-6.9719, Sigrm-1.5376



Vasquaz Blvd. and 1-70 (VBI70) S i t sI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistributional Fill, "Focal" Data OnlyL E V E L - U n i m p a d e d M A P - M a p 6 A D D R E S S - 5 1 M O S T

Normal Test Stat
Nomia l T e s t P-Value

0.96302*
0.0017

-1 0 1
Normal Quantl l e s

Mu-74.002, Slgma-40.171

Vasquez Blvd. and 1-70 (VBI70) Sr»Intensive Surface Soil Grid S a m p l i n gDistribut ional Fits , "Focal" Data OnlyL E V E L ' U n i m p a c t o d MAP-Map 6 ADDRESS-5040ST

Normal Quarr t l l a s
Mu«4.0935, Slgma-0.752«

Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistributional Fits, TooF Data OnlyL E V E L - U n l m p a c t e d M A P - M a p S A D D R E S S - 5 0 4 0 S T
Normal Test S t a t
Normal T e s t P - V a l u a

0.963024
0.0017

.1 1 5 10 25 50 75 90 95 99
Normal Percantlle*

Normal Urn: — — — — — Mu-74.002. Slgma-40.171

Vaiquez Blvd. and 1-70 (VBI70) S i t eIntensive Surface So^l Grid S a m p l i n gDistribut ional Fits, "Focal" Data OnlyLEVEL-Unlmpaded M A P - M a p 6 A D D R E S S - M M O S T

1 5 10 25 50 75 90 95
Normal P a r c e n t l l e s

Mu«4.0935. Sigma-0 752<



Vasquez Blvd. and 1-70 (VBI70) SHeI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistributional F i t s , focal" Data OnlyL E V E L ' U n l m p a c t e d M A P « M a p 7 A D D R E S S - 4 7 1 2 J O

Normal Test Slat 0.877347
Normal TesI P - V a l u o 0.0000

- 2 - 1 0 1
Normal QuantllM

Mu«48 .213, Slgma-37.763

Vssquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistributional F i t s . "Focal- Data Onlyl E V E L - U n l m p a c t a d M A P - M a p 7 A D D R E S S » 4 7 1 2 J O

2.5-

-1 0
Normal Quantiles

M u ' 3 . 5 0 6 1 . Slgma«0.9316

Vaiquez Blvd. ind I-70 (VBI70) SiteI n t e n s i v e S u r f a c e Soil Grid S a m p l i n gDistributional F i t s , Tocar Data OnlyL E V E L - U n i m p a c t e d M A P » M a p 7 A D O R E S S - 4 7 1 2 J O

Normal TesI S t a l 0.877847
Normal T e s t P-Value 0.0000

.1 1 5 10 25 50 75 BO 65
Normal PeroenUlM

N o m u l L k w : — — — — — Mu-46.213. Slomii"37.r63

Vasquez Blvd. and 1-70 (VBI70) SIMIntens ive S u r f a c e S o i l Grid S a m p l i n gDistr i tx i l ional Fits , "Focal- Data OnlyL E V E L - U n i m p a c t e d M A P » M a p 7 A D D R E S S - 4 7 1 2 J O

.1 1 5 10 25 50 75 90 65 99
Normal Percwitiles

Mu-3.5061, Slgma-0.9316



Vasquez Blvd. and 1-70 (VBI70) S i t eInt en s iv e S u r f a c e S o i l Grid S a m p l i n gDistr ibu t i ona l F l u ) . ' F o c a l - Data OnlyL E V E L r t J n i m p a c t e d M A P - M a p 8 A D D R E S S - 4 8 0 1 M I

- 1 0 1 :
Normal Ouantilei

— — — — Mu-232.48. S!gma-242.85

Vasquez Blvd. and 1-70 (VBI70) siteIntens ive S u r f a c e Soil Grid S a m p l i n gD l B l r i b u l t o n a l Fit s , -Focal" Data OnlyLEVEL-Unimpacl ed M A P - M a p 8 ADDRESS-4801 Ml
Normal T e s t Slat 0.905625
Normal T e a l P-Value 0.0000

0 1 2 3
Normal Quarrt i l ea

Mu-4.8913, Slgma-1.2296

Vasquez Blvd. and 1-70 (VBI70) SllgI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gDistribut ional F i t s . ' F o c a l - Data OnlyL E V E L - U n l m p a c t e d M A P - M a p 8 A D D R E S S - 4 8 0 1 M I
Normal Test Stat 0.759389
Normal Teal P-Value 0.0000

5 10 25 60 75 90 95
Normal Percantiles

M i l ' 2 3 2 . 4 8 , Slama-2<2 65

Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive S u r f a c e ooil Grid S a m p l i n gDistr ibut ional Fits , Tocar D»ta OnlyLEVEL-Unlmpac t ed M A P - M a p 8 ADDRESS-4801 Ml

5 10 25 50 75 90 95
Normal Percent i l e s

Mu-4.8913.Slgma-1.2296



Vasquez Boulevard & 1-70 - Phase III DRAFT- Do Not Ci t e

S i m u l a t i o n s to determine the normal i ty of c ompo s i t e
sampl e s using e s t imated values below the r epor t ing l imit

Vasquez & I-70\Proj e c t Plans\Phase HRDocument



Vaaquez Blvd. and 1-70 (VBI70) S i t eInt en s iv e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 10 Grab!MAP-Map 1

350 550 750 950 1150 1350 1550

Normal{Mu-958.49 Sigira-237 85)

Vasquez Blvd. and t-70 (VBI70) SIMI n t e n s i v e S u r f a c e S o i l Grid s a m p l i n gN o r m a l i t y f i t , Arsenic, Mean of 10 GratnM A P - M a p 1

.01 .1 1 5 10 25 50 75 90 «5 99
Normal Percantite*

Mu«958.49. Slgmi-237.B5

Vasquei Blvd. and 1-70 (VBI70) SiteInt ena lva Sur fa c e Soi l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 10 GraDaMAP-Map 2
Normal Tent S l a t 0.971843
Normal Tes t P-Value 0.0000

1950 2550 3150 3750
M E A N

V a j q u e z Blvd. and 1-70 (VBI70) S i t eI n t e n a l v a S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 10 Grab!MAP-Map 2
Normal Test Slat 0971843
Normal T e s t P-Value 0.0000

Normal(Mu«1878.4 Stgma-628.41)

.01 .1 1 5 10 25 50 75 90 95 B9 99.9 I
Normal P e r c e n t l l e B

Normal Line: — — — — — Mu-1878.4, Slgma»626.41



Vasquez Blvd. and 1-70 (VBI70) SiteIntensive Surface Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsente, Mean of 10 GrabsMAP-Map 3
22.5"

20.0

17.5-

15.0
P
e 12.5

7.5-

5.0-

2.5

Normal T e s t Slat 0.963352
Normal T o s t P-Value 0.0000

\

420 540
MEAN

— J —
660

—r~
900

Normal(Mu-385.34 S i g m a - 1 2 7 )

Vasqimz Blvd. and 1-70 (VBI70) S i t eIntonsiva S u r f a c a Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Moan of 10 GrabsM A P - M a p 3

.01 .1 1 5 10 25 50 75 80 85 9S
Normal P a r c o n t l l f l l

Normal Un»: — — — — — Mu-385.34. Slgma»127

Vasquaz Blvd. »nd 1-70 (VBI70) SiteI n t e n s i v a S u r f a c a Soil Grid S a m p l i n gN o r m a l i t y Fit , A / M n l c . Mgan of 10 GrabsM A P ' M a p 4

12.5-
Per= 10.0-ent

7.5-

Normal Tost Slat 0.974B34
Normal T e s t P-Valuo 0.0000

\
640 800

M E A N

Norm«l(Mu»505.39 S l j m a « 1 B 5 . 1 )

Vnquaz Blvd. >nd 1-70 (VBI70) S i t eintensive S u r f a c e Goil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 10 GrabsM A P - M a p 4

Normal Test Slat 0.974834
Normal Tes t P - V a l u f l 0.0000

.01 .1 1 5 10 25 50 75 90 95
Normal Perc en t i l e s

Mu-505.39. Slg.ma"185.1



Vasquez Blvd. and 1-70 (VBI70) S i t eInten s iv e S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 10 GrabtMAP*Map 5

2600 3400
M E A N

Normal(Mu*2380 S g m o ' 8 5 8 . 0 5 )

V a i g t M Z Blvd. and 1-70 (VBI70) SiteIntens ive S u r f a c e Soi l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 10 GrabtM A P ' M a p 5

.01 .1 1 5 10 25 50 75 90 95 99 99.9 99.99
Normal Percentilet

Normal Line: Mu-2380. Slgma-856.05

Vasquez Blvd. and 1-70 (VBI70) SiteIntensive Sur fa c e Soil Grid Sampl ingN o r m a l i t y Fit, Arsenic, Mean of 10 GrabsM A P - U a p 6
Normal Tes t S t a t 0.969718
Normal T e s t P-Value 0.3373

t 7.5-

—r™
32.5

\

Os.
72.5 92.

M E A N

Normal(Mu>74.251 Slgma-12 1B8)

Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive Surface Soil Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 10 GrabsMAP»Map 6

.01 .1 1 5 10 25 50 75 W 95
Normal Perc en t i l e s

Mu-74,251, Slgma-12.188



Vasquez Blvd. and 1-70 (VBI70) SIMI n t e n s i v e S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Moan of (0 GrainM A P - M a p 7
Normal Tost Stal 0.963373
Normal T o u t P-Value 0.0673

\

47.5 57.5 67.5
M E A N

Normal(Mu»47.732Slgma»11.804)

V««uez Blvd. «nd 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Ar»n!e. Mean ot 10 Grab.M A P - M a p 7

.01 .1 1 6 10 25 50 75 80 M 99 99,9 '
Normal PorcentilM

Mu-47.732. Slgma>1t.804

Vasquu Blvd. god I-70 (VBI70) S i t oI n t f l n s l v a S u r f a c e S o i l Grid S a m p l i n gNormal i ty Fit, A/wnlc . Moan of 10 GrabsMAP-Map 8

Normal<Mu-230.23 Srgma»79.159)

Vaiquez Blvd. and I-70 (VBI70) SiteI n t o m i v a S u r f a c e S d l Grid S a m p l i n gNormali ty Fit, Arumlc. Maan of 10 Grab!MAP*Map S
Normal Tes t S t a l
Normal Test P-Value

0.94586
0.0000

.01 .1 1 5 10 25 50 75 90 95 B9 99.9 I
Normal Percentilas

Mu-230.23, Sfcma-79.159



Vasquez Blvd. and 1-70 (VBI70) S i t eIntens ive S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 16 GrabsM A P = ° M a p 1

I 7.5-

360 520 680 840 1000 1160 1320 1480

Normal(Mu-970 73 S!gma»192 29)

Vasquez Blvd. and I-70 (VBI70) S i t eIntensiva S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, M0an of 16 GrabsM A P - M a p 1

.01 .1 1 5 10 25 50 75 90 95 99 99.9 99.99
Normal P e r c e n t l l e s

Mu-07073. Slgm«-192.29

Vasquez Blvd. and 1-70 (VBI70) SiteIntensive Sur fa c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 16 GrabsM A P - M a p 2
Normal Test S l a t 0.97367
N o r m a l Test P - V a l u e 0.0000

t 7.5- V
\

1600 2000 2400
M E A N
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Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 16 GrabsMAP-Map 3
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Vatquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean or 16 GrabiM A P ' M a p 5
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Vasquez Blvd. and 1-70 (VBI70) SlleI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 16 GrabsM A P - M a p 6
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Vasquaz Blvd. and 1-70 (VBI70) S i t etntensiva S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 16 GrabsM A P - M a p 7
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Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e Soil Grid S a m p l i n gNormali ty Fit, Arsenic, Mean of 25 GrabsM A P - M a p 1
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Va«quez Blvd. and 1-70 (VBI70) SIMI n t e n s i v e S u r f a c e S o d Grkt S a m p l i n gNormal i ty Fit, Arsenic. Mean of 25 GrabsMAP-Map 3
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Vaiquoz Blvd. and 1-70 (VBI70) SltaIntensive Sur fa c e Soil Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 25 Grab!M A P » M a p 5
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.01 .1 1 5 10 25 50 75 90 95 89
Normal Percent l lAi

Normal Line: — — — — — Mu-23S1.Slgma.545.87

Vasquoz Blvd. and 1-70 (VBI70) SiteI n l a n s r v o Surfaca Soi l Grkl S a m p l i n gNormal i ly F f i , Arsenic. M a a n o f 2 5 G r a b sM A P - M a p 6

Vasqun Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c a S o i l Grid S a m p l i n gNormal i ty Fit. Arsenic. Mean of 25 GrabsM A P - M a p e
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Vasquez Blvd. and 1-70 (VBI70) SiteIntensive S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 25 GrabsMAP*Map 7
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Vasquez Blvd. and 1-70 (VBI70) S i t eIntensive S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 25 Grab*M A P - M a p 7
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Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic. Mean of 25 GrabsM A P » M a p 8
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Vasquez Blvd. and 1-70 (V8I70) SltaI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 30 GrabsM A P » M a p 1
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Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fil. ArMnlc . Moan of 30 GrabsM A P - M a p 1
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Vasquaz Blvd. and 1-70 (VBI70) SiteI n t e n s l v a S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 30 GrabsMAP-Map 2
Normal Test Slat 0.982477
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Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 30 Grab!M A P - M a p 3

Normal(Mu-385.23 Slgma-73.527)

Vasquez Blvd. and 1-70 (V6I70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gNormal i ty Fit, Arsenic, Mean of 30 GrabsM A P - M a p 3
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Vasquez Blvd. and I-70 (V8I70) S i t eIntensive Surface Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 30 GrabsMAP-Map 4
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Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gNormali ty Fit, Araflnlc, Mean of 30 GrabsMAP-Map 5
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Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic. Mean of 30 Grab*M A P - M a p 7
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V a n q i K Z Blvd. and I-70 (VBI70) S i t eI n t e n s i v e S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit, Arsenic. Mean of 30 GrabsMAP-Map 8
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Vasquoi Blvd. and 1-70 (VBI70) S i t eInt en s iv e S u r f a c e S o i l Grid S a m p l i n gNormal i ty Fit, Arsenic, Mean of 50 Grab!MAP-Map 1
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Vasquaz Blvd. and I-70 (VBI70) SiteI n t o n s i v a S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit. Arsonlc, Moan of 50 GrabsM A P * M a p 2
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Vasquez Blvd. end 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e Soil Grid S a m p l i n gN o r m a l i t y Fit. Arsenic. Mean of 50 GrabsU A P - M a p 3
Normal Test Slat 0.879069
Normal T e s t P-Value 0.008?
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Vasquez Blvd. and 1-70 (VBI70) S i t eI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic. Mean of SO GrabIM A P ' M a p 3
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Vaiquez Blvd. and 1-70 (VBI70) S i t eIntens ive S u r f a c e S o i l Grid S a m p l i n gNormal i ty Fit. Arsenic. Mean of 50 GrataMAP.Map 4
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Vasquez Blvd. and 1-70 (VBI70) SiteI n t e n s i v e S u r f a c e S o i l Grid S a m p l i n gN o r m a l i t y Fit, Arsenic, Mean of 50 GrabsMAP-Map 5
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Vasqinz Blvd. and 1-70 (VBI70) SiteIntens ive S u r f a c e Soi l Grid S a m p l i n gN o r m a l i t y Fit. Arsenic, Mean of 50 GrabsMAP-Mop 7
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
- D R A F T -

S A M P L E I D E N T I F I C A T I O N A N D T R A C K I N G PROCEDURES

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized
method for uniquely i d e n t i f y i n g and tracking samples collected during the Phase III
S u r f a c e Soil I n v e s t i g a t i o n at the VBI70 site. T h i s SOP is to be used by employees of
U S E P A Region 8 contractors/subcontractors supporting U S E P A Region 8 pro j e c t s and
tasks. T h i s SOP describes both the nomenclature which will be used to i d e n t i f y samples
and outlines the measures by which samples will be tracked throughout the collect ion
process. S i t e - s p e c i f i c deviations from the procedures outlined in this document must be
approved by the EPA Region 8 Regional Proj e c t Manager or the Regional T o x i c o l o g i s t
prior to initiation of the sampling activity.

2.0 RESPONSIBILITIES
S u c c e s s f u l execution of the Project Plan requires a clear hierarchy of assigned roles with
d i f f e r e n t sets of r e spons ib i l i t i e s associated with each role.
The F i e l d Projec t Leader (FPL) may be an U S E P A employee or contractor who is
re spons ib l e for overseeing the sampl ing activities. The FPL is also re sponsible for
checking all work performed and veri fying that the work sa t i s f i e s the s p e c i f i c tasks
outlined by this SOP and the Pro j e c t Plan. It is the r e spons ib i l i ty of the FPL to
communicate with the F i e l d Personnel s p e c i f i c co l lec t ion object ives and anticipate
situations that require any deviation from the Project Plan. It is also the responsibi l i ty of
the FPL to communicate the need for any deviations from the Proj e c t Plan with the
appropriate U S E P A Region 8 personnel (Regional Project Manager or Regional
T o x i c o l o g i s t ) .
F i e l d personnel per forming sampling are responsible for adhering to the guidelines
e s tabl i shed within this SOP.

3.0 S A M P L E N O M E N C L A T U R E
All samples c o l l e c t ed during this study will be assigned a unique label ("tag number").

T e c h n i c a l S t a n d a r d Operat ing Procedures SOP No. ____
I S S I , I n c . Revision N o . : 0
Contract No. SBAHQ-97-D-0003 Date: 6 / 1 9 9 9
R:\Vasquez & I-70\Project P!ans\SOPs\Phase HI\Sample ID S O P \ S a m p l e ID SOP.doc Page 2 of 7



T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
-DRAFT--

Each sample label will consist of three elements, as f o l l o w s :
PHASE. All labe l s will begin with the number "3" to indicate that the sample is
derived from Phase III of the study.
NUMBER. Each label will include a unique i d e n t i f i c a t i o n number. T h i s number
will be a 5-digit sequential number starting with "00001" and progress ively
increasing until the f inal sample has been col l ec t ed or tag number "99999" has
been reached.
S A M P L E P R E P A R A T I O N . S a m p l e s will be categorized based upon the
sample preparation performed. Categories include, but are not limited to:

R Raw sample. Original sample c o l l e c t ed during Phase III which is
unprocessed.

B Bulk fraction. The bulk soil fraction (sieved to < 2 mm).
F F i n e fraction. The f i n e soil f rac t i on (sieved to < 250 um).

The sample preparation nomenclature may be expanded as needed in the future
provid ing they are approved by the Proj e c t Database Manager or designate.

Thus , "3-00001-R" and "3-12846-F" represent p o s s i b l e sample numbers co l l e c t ed during
Phase I I I .

4. 0 S A M P L E TRACKING
Prior to sample co l l e c t i on, each team will be given blank copies of m e d i a - s p e c i f i c data
sheets and a set of pre-printed sample id en t i f i ca t i on numbers on se l f-adhes ive labels.
There will be two labe l s for each sample number. The set of labe l s that are checked out
by a team will be documented by the FPL or des ignate prior to sampl ing each day.
When a sample of site medium is col lected (e.g., yard soil, indoor dust , alleyway so i l), a
se l f-adhes ive label will be transferred from the pre-printed sheet to the sample container.
At the same time (before collection of any other sample), the second copy of the sample
number will be transferred to the appropriate location on the data sheet. The sample data
sheet will be f i l l e d out at the time of sample col lec t ion by the sample col lec t ion team.
T h i s sheet will contain all relevant information necessary to proper ly i d e n t i f y the sample.
Technical Standard Operating Procedures SOP No. ____
I S S I , I n c . Revision N o . : 0Contract No. SBAHQ-97-D-0003 Date: 6/1999
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
- D R A F T -

An example data sheet is provided in Attachment 1. All data sheets will be maintained in
three-ring binder logbooks. Each sampling team will have a separate logbook.
Because the sample i d e n t i f i c a t i o n number is not a s e l f - r e a d i n g or immediate ly
dec ipherable , it is critical that the suppor t ing sample data sheet be f i l l e d out l e g i b l y ,
accurately and compl e t e ly . N o t e s should be as de s cr ipt ive and as inclusive as p o s s i b l e
such that a person reading the entries, who is independent of the sampl ing e f f o r t , should
be able to reconstruct the sampl ing situation from the recorded information. Language
should be ob j ec t ive , fa c tua l , and free of personal f e e l i n g s and inappropriate terminology.
Data sheets must be signed by the person recording the information. Any errors or
mistakes in f i e l d recording must be initialed and dated by the recorder, along with a note
explaining the change.
If s e l f - a d h e s i v e l a b e l s are des troyed and/or voided during sampl ing activit ies , this
information should be immediately documented in the general logbook for the f i e l d team.
5.0 D A I L Y C L O S E - O U T
Upon compl e t i on of da i ly sampl ing act ivi t i e s , the sampl ing team will return to the f i e l d
o f f i c e locat ion with sample s and corresponding data sheets and any unused labels . It is
mandatory that each sample be submitted with its corresponding data sheet. The F i e l d
Projec t Leader or de s ignat ed sample custodian will v er i fy that the i d e n t i f i c a t i o n numbers
on each sample correspond to the data sheet, and that each data sheet is l e g i b l e and f i l l e d
out in its entirety. Each data sheet will be copied and the originals will be transferred
f r o m the team logbook into a three-ring binder master logbook organized by sample
id en t i f i ca t i on number. Once inserted into the master logbook, each data sheet will be
numbered s equent ia l ly in the space provided in the lower right corner. A d d i t i o n a l l y , the
sample custodian will maintain a log of the sample id en t i f i ca t i on numbers which have
been used, noting any missing or destroyed labe l s (see Attachment 2). The sample l a b e l s
and numbers for each team must be r e c t i f i ed at the end of each day. A f t e r verification,
the sample s will be locked and stored according to media. The copies of the sample data
sheets will be submitted to the F i e l d Database Manager for entry into the F i e l d A c t i v i t i e s
Database. Data entry will be per formed according to the Data Management Plan
e s tabl i shed for this p r o j e c t . A f lowchar t that i l lu s t ra t e s the general f l o w of events is
presented in F i g u r e 1.

Techni ca l S t a n d a r d Operating Procedures SOP No. ____
I S S 1 , Inc. Revision No.: 0
Contract No. SBAHQ-97-D-0003 Date: 6 / 1 9 9 9
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Attachment 1:
VBI70 S u r f a c e Soi l S a m p l e Sheet

Techni ca l S t a n d a r d Operating Procedures SOP No. ____
I S S I , I n c . Revis ion N o . : 0
Contract No. SBAHQ-97-D-0003 Date: 6/1999
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DCN

S U R F A C E S O I L
D A T A S H E E T

P H A S E :
M E D I U M :
SOP:
D E P T H :
D A T E :

S U R F A C E S O I L
ISSI-VBI70-02 Revision 0

0-2"

L O C A T I O N :
House*

B U I L D I N G T Y P E : R e s i d e n t i a l

School
Park

Street Name
S i n g l e
M u l t i f a m i l yApartment

Name

Name
C L A S S : F S

S A M P L E T Y P E : C O M P
G R A B

S A M P L E NO:_______
Red

Blue

Y e l l o w

Y e s N oG A R D E N P R E S E N T ? ____________
A D D R E S S C O N F I R M E D B Y R E S I D E N T ?
W I L L I N G T O A L L O W F U R T H E R S A M P L I N G ?

Y e s N o
Y e s N o

N O T E S :

s a m p l e f o r m . ' P a g e 1 , 6 / 2 9 / 9 9 Master Logbook Page _



Logbook D C N .

F i e l d Diagram: N
t

S a m p l e s C o l l e c t e d by:

Logbook Page Reviewed by:
Signature

Signature

Date

Date

s a m p l e f o r m : Page 2 , 6 / 2 9 / 9 9 P a g e .
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Attachment 2:
VBI70 S u r f a c e S o i l Label C h e c k - O u t / C h e c k - I n S h e e t

Technica l S t a n d a r d Operating Procedures SOP No. ____
I S S I , I n c . Revis ion N o . : 0
Contract No. SBAHQ-97-D-0003 Date: 6/1999
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V B I 7 0 S u r f a c e S o i l L a b e l C h e c k - O u t / C h e c k - I n S h e e t
S a m p l e Team I D :

S a m p l e C o l l e c t i o n M e t h o d : ) S O P - I S S I - V B I T O - O I Revision o
Phase: | 3

M e d i u m : ___
D e p t h : )

S a m p l e Date:|

S o i l
0-2"

Check-Out L a b e l # Range:
Start # End#

Check-Out S i g n a t u r e : Date:

C h e c k - I n Labe l # Range:
Start # End#

C h e c k - I n S i g n a t u r e : Date:

N o t e s :
Enter any d e s t r o y e d , l o s t , a n d / o r vo ided l a b e l s below. Be sure to document the Labe l # and
reason for void.

l a b e l checkout: Check-Out F o r m , 6 / 2 9 / 9 9 P a g e _



Logbook D C N _

VBI70 S u r f a c e S o i l Labe l s • Master Sheet

Label #

3-00001

3-00002

3-00003

3-00004

3-00005

3-00005

3-00007

3-00008

3-00009

3-00010

3-00011

3-00012

3-00013

3-00014

3-00015

3-00016

3-00017

3-00018

3-00019

3-00020

3-00021

3-00022

3-00023

3-00024

3-00025

3-00026

3-00027

Check-Out
S a m p l e T e a m I D Date I n i t i a l s

C h e c k - I n
S a m p l e Team I D Date I n i t i a l s V o i d e d ? Reason

label checkout: Mast er L i s t , 6 / 2 9 / 9 9 Page 1 of 556
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F i g u r e 1:
Phase I I I S a m p l e F l o w Chart
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I S S I . I n c . Revision N o . : 0
Contract No. SBAHQ-97-D-0003 Date: 6/1999
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P H A S E 3 S A M P L E F L O W C H A R T
L I S T O F A L L

P R O S P E C T I V E PROPERTIES

1 r

L I S T O F P R O P E R T I E S
ALREADY M E A S U R E D

1 r

D A T A B A S E

LIST OF TARGET
P R O P E R T I E S

R E F U S A L R E Q U E S T F O R
A C C E S S

A U T H O R I Z A T I O N

U N I Q U E S A M P L E I D

LIST OF P R O P E R T I E S
APPROVED FOR SAMPLING

fc-w
\̂

F I E L D / Q C
S A M P L E S

S A M P L E
S T O R A G E

\— QA Review of
Forms and S a m p l e s

F I E L D / Q C
S A M P L E

D A T A S H E E T

D A T A E N T R Y
I N T O D A T A B A S E

C H A I N O F C U S T O D Y L I S T

SHIPMENT TO LABORATORY

F I E L D / Q C S A M P L E PREP

S A M P L E A N A L Y S I S

R:\Vasquez & I-70\Project PlansVPhase I I I \ F o r m s \ s a m p l e f l o w chartdoc
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
- D R A F T -

S U R F A C E S O I L S A M P L I N G PROCEDURES

1.0 PURPOSE
The purpose of this Standard Operating Procedure (SOP) is to provide a standardized method for
residential yard and alleyway surface soil sampling, to be used by employee s of U S E P A Region
8, or contractors and subcontractors suppor t ing U S E P A Region 8 p r o j e c t s and tasks. T h i s SOP
describes the equipment and operations used for sampling yard, alleyway and school or park
surface soils in areas which will produce data that can be used to support risk evaluations.
Deviations f rom the procedures outlined in this document must be approved by the U S E P A
Region 8 Regional Proj e c t Manager or Regional T o x i c o l o g i s t prior to initiation of the sampl ing
activity.
2.0 RESPONSIBILITIES
S u c c e s s f u l execution of the Project Plan requires a clear hierarchy of assigned roles with
d i f f e r e n t sets of responsibi l i t ie s associated with each role.
The Field Projec t Leader (FPL) may be an USEPA employee or contractor who is r e spons ib l e for
overseeing the residential yard and alleyway surface soil sampling activities. The FPL is also
responsible for checking all work performed and veri fying that the work s a t i s f i e s the s p e c i f i c
tasks outlined by this SOP and the Pro j e c t Plan. It is the r e spon s i b i l i ty of the FPL to
communicate with the Field Personnel regarding s p e c i f i c c o l l e c t i o n ob j e c t iv e s and ant ic ipated
situations that require any deviation from the Project Plan. It is also the re spons ib i l i ty of the FPL
to communicate the need for any deviations from the Project Plan with the appropriate U S E P A
Region 8 personnel (Regional Pro j e c t Manager or Regional T o x i c o l o g i s t ) .
F i e l d personnel performing residential yard, alleyway and school or park soil sampling are
responsible for adhering to the a p p l i c a b l e tasks outlined in this procedure while co l l e c t ing
samples. The f i e l d personnel should have limited discretion with regard to co l l e c t i on procedures,
but should exercise judgment regarding the exact location of the S a m p l e Point, within the
boundaries outlined by the FPL.
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3.0 E Q U I P M E N T
• S o i l coring tool - Various models of coring tools are acceptable and selection of the

s p e c i f i c brand and make of tool should be s p e c i f i e d in the Proj e c t Plan. S e l e c t i o n of the
coring tool should be based on the individual characteristics of the soil to be sampled
(e.g. clay, stony, s o f t etc.). At a minimum, the tool should be capable of retrieving a
cylindrical p l u g of soil 3 inches in diameter and 3 inches long. A soil coring tool of this
type is t y p i c a l l y fabricated f r o m stainless s teel, has a ho l l ow stem, is T-shaped and uses
two handles to a p p l y the force necessary for core col lec t ion. A plunger is used to press
out the soil p lug from the tip of the coring device. Plungers may be f i t t e d with an
a d j u s t a b l e stop to allow all but a given length of soil to be pushed from the coring tool. In
all cases the procedures recommended by the manufacturers should be f o l l o w e d with
regard to use of the coring tool. Coring t oo l s with d i s p o s a b l e p l a s t i c sleeves may be
employed to minimize the decontamination e f f o r t .

• C o l l e c t i o n containers - p l a s t i c zip-lock bags. Containers may also be glas s jar s or p la s t i c
jars.

• S c o o p / s p o o n - for co l l e c t ing surface soil samples. May be p la s t i c or stainless steel. Must
be lead f r e e and unpainted.

• Gloves - for personal protection and to prevent cross-contamination of samples. May be
p la s t i c or latex. Disposable, powderless.

• F i e l d c l o t h i n g and Personal Protect ive Equipment - as s p e c i f i e d in the H e a l t h and S a f e t y
Plan.

• Squeeze bo t t l e -for d i sp en s ing po tab l e (drinking) quality water. Used to clean and
decontaminate sampl ing equipment.

• Squeeze bo t t l e - for di spensing deionized water. Used to clean and decontaminate
sampl ing equipment.

• S a m p l i n g F l a g s - red, blue, and yellow. Used for i d e n t i f y i n g yard soil sampling
locations. Each color represents a d i f f e r e n t composite sample.

• W i p e s - d i s p o s a b l e , paper or baby wipes. Used to clean and decontaminate sampl ing
equipment and f l a g s .

• F i e l d notebook -a bound book used to record progress of sampl ing e f f o r t and record any
problems and f i e l d observations during sampling.
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• F i e l d Data Co l l e c t i on Sheet - a three-ring binder book of forms used to record and track
sample s c o l l e c t ed at the V B I 7 0 site. An example f orm is provided hi Attachment 1.

• Permanent marking pen - used to label sample containers.
• Sieve s - U . S . Standard #10 (capable of pas s ing material < 2 mm) and U . S . Standard # 60

(capable of pas s ing material < 250 jum). Used to remove gravel and debris in the f i e l d to
minimize sh ipp ing weight. Sieve s mesh should be constructed of stainless steel or p l a s t i c
and designed for soil processing.

• Measuring tape or pocket ruler - used to measure the l ength of soil core in the soil coring
device.

• P l a s t i c Buckets - used to receive rinse water generated in the course of tool c leaning,
rinsing sieves, and used to c o l l e c t the discarded soil f rom the coring tool. One bucket
should be set aside to store marker f l a g s .

• Trash Bag - used to d i spo s e g love s and wipes.
• 0 . 0 1 M H C 1 - used for equipment decontamination.
4 . 0 S A M P L I N G P A T T E R N
S a m p l i n g patterns for residential yard, alleyway, school or park soil s are designed to i d e n t i f y and
co l l ec t samples to support human hea l th risk assessment. I d e a l i z e d s ampl ing patterns for
residential and a l l ey so i l s are presented in the attached f i g u r e s , but p o s s i b l e deviations from these
sampling patterns could occur based on site-related issues such as additional buildings on a
property (e.g., garage), the shape of the property, or the shape of the house. If deviations from
the ideal ized sampl ing pattern occur, they should be noted in the S a m p l e ID logbook along with
a reason for deviating f r om the original sampling pattern. Proposed sampl ing patterns for the
individual schools and parks will be provided as an attachment to the Phase III F i e l d
I n v e s t i g a t i o n Pro j e c t Plan.
4.1 RESIDENTIAL YARD SOIL
Compos i t e sampl ing requires soil c o l l e c t i o n f r om m u l t i p l e ( sub- sample) points. T h e s e s o i l s are
then mixed and used as a measure of the concentration averaged over the entire area (zone).
Surf i c i a l yard soil samples (0-2 inches) will be col lec ted.
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50/7 Sample Location and Compositing
The sur f l c ia l sampl ing locat ions within a yard will be based on a 30-point sampl ing grid.
Because of the large number of propertie s that require sampling during this pro j e c t , an
independent chemical analysis will not be performed for each of the sub-samples col lec ted from
each property. Rather, three composite sample s will be col l ec ted per residence, each consisting
10 sub-samples that are i d e n t i f i e d by randomly selected f l a g s (e.g., 10 red, 10 blue, and 10
yellow). I d e n t i f i c a t i o n of individual grab sample locations will be performed using the
standardized method as f o l l o w s .
The FPL or des ignate will be trained in this procedure in order to ensure r ep l i cab l e sample
location assignment. There are four major s t eps in grab sample location i d e n t i f i c a t i o n . T h e y are:

• Draw a f i e l d diagram of the property and its major components approximately to
scale

• Estimate the samplab l e area in the yard
• Divide the samplable yard into 5 subsections
• Place 6 f l a g s in each subsection

F i e l d Diagram
The FPL or designate will visit a residence at the time of sampling to assign the sampling
scheme. The FPL will pace off the major attributes of the residence (e.g., dimensions of the
proper ty boundary, house, garage, driveway, etc.) and prepare a f i e l d diagram to approximate
scale (± 5 f e e t on each measurement). The goal is not have a drawing to scale, but instead to
have an estimate of the total samplable area in the residential yard. Figure 1 provides an example
of a typical residence at the VBI70 site that has been drawn on a grid.
Estimate the Area in the Yard
The total area of the yard that is available for sampling will be estimated by counting the number
of visible squares (grids) that comprise the yard (e.g., squares that are not taken up by the house,
garage and other obstructions). The total number of squares will be estimated to the '/2 square.
In the example (Figure 1), the samplab l e area is approximate ly 45 squares.
Divide the Yard Area into Subsections
The samplab l e property will be divided into 5 subsections of approx imate ly equal area using
natural boundaries such as the house, garage, s idewalk or gardens as division markers ( S e e
Figure 2). In the example, each subsection is made up of about 9 squares (± 1 square).
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Flag Placement in Each Sub s e c t i on
As discussed previously, a total of 30 samples will be i d e n t i f i e d using marker f l a g s of any three
d i f f e r e n t colors (e.g., 10 red, 10 blue and 10 yellow). Six (6) marker f l a g s (2 red, 2 blue and 2
yel low) will be used to i d e n t i f y each sample location within a subsection. As seen in Figure 2,
the locations of each marker f l a g should be approximate ly equidistant from the other f l a g s within
each subsection. A d d i t i o n a l l y , each color f l a g should be a l t ernat e ly placed so that same color
marker f l a g s are not c lustered.
Yard S o i l S a m p l i n g
The f ir s t 10-point composite will be col lec ted by combining the samples at f l a g s of similar color
(e.g., red). Grab samples will be collected from the 0-2 inch soil horizon approximately 3-6
inches from each marker f l a g . Each sample will be co l l e c t ed using a clean coring tool (3-inch
diameter). Each grab sample marked by a red f l a g will be p laced into a s ingle z ip l o ck bag and
labe l ed in accord with the S a m p l e I d e n t i f i c a t i o n and Tracking SOP# ISSI-VBI70-01 Revision 0.
Because proper ty sizes and obs tac le s present at each residence may vary s i g n i f i c a n t l y , actual
sample locations will be i d e n t i f i e d using a diagram that will be drawn for each individual
property sampled. If obstructions are present at the intended sampling locations (e.g., sidewalk,
shed, garden, etc.), the sample point should be o f f s e t so that a surficial yard soil may be
co l l e c t ed , then the actual sample location must be correctly documented on the f i e l d diagram.
Equipment decontamination (decon) must occur between c o l l e c t i o n of each compos i t e if clean
equipment t o o l s are not available. Decon procedures are described in Sec t i on 10.0. Once sample
co l l e c t ion at the red marker f l a g s is comple t e , all subsamples taken from the 10 locations
i d e n t i f i e d with a blue f l a g will be co l l e c t ed and placed in a s ingle z ip lock bag and labe l ed
appropriate ly. Decontamination will be performed as appropriate. F i n a l l y , all subsamples taken
from the 10 locations i d e n t i f i e d with a yel low f l a g will be placed in a single z iplock bag and
labe l ed appropr ia t e ly . Decontamination will be per formed as appropriate .
Care should be taken to avoid tracking soil f rom one area to another. As sample s are taken
s equent ia l ly, care should also be taken not to contaminate an area yet to be sampled with the
residue of the sample that is currently being taken. In general, one should move in a single
direction through the sampling area. If an area is known or suspected of having a higher
concentration of metals, all other considerations being equal, it should be sampled last to prevent
cross contamination.
4.2 A L L E Y W A Y SOIL
Currently, the relat ionship between a residence with elevated (>200 p p m ) arsenic concentrations
in yard soil and po s s i b l e adjacent alleyways is not understood. For the purpose s of this p i l o t
investigation, a minimum of four and a maximum of six alleyway units located adjacent to a
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residence with elevated (>200 p p m ) arsenic concentration will be i d e n t i f i e d and sampled.
Priority will be given to locations where a compos i t e has been c o l l e c t e d f rom all or most of the
proper t i e s in the study location, and where indoor dust sample s have also been c o l l e c t e d . Grab
sample s will be co l l e c t ed in a pattern similar to that shown in Figure 3. The initial sampl ing
location (al l eyways) will be recorded and documented on the sample data sheet f i e l d diagram.
Prior to s a m p l i n g the FQAC or de s ignate will provide maps that i d e n t i f y the al leyways and
individual sample locations using GIS tools. The map will be used to i d e n t i f y and document
sample locations. In the event that sample locations must be o f f s e t due to presence of
obstructions, the new location must be marked on the map. Grab sample locations will be p laced
along a center transect of each residential proper ty along the alleyway, three sample s will be
co l l e c t ed across the alley. A p p r o x i m a t e l y thirty grab sample s for the entire block (see Figur e 3).
The three samples are located in the center and two sides of the a l l ey where the two s ides are
about 2 f e e t from the proper ty line of residences that border the alleyway. Grab sample s will be
col lec ted f r om the 0-2 inch soil horizon approx imate ly 3-6 inches from the each marker f l a g .
Each sample will be c o l l e c t ed using a clean coring tool (3-inch diameter) and placed into a
separate ziplock bag. The samples will be id en t i f i ed as a unique number (e.g., 1 through 30).
Each sample number must be placed in the appropr ia t e box on the alleyway soil sample data
sheet, as well as on the zip-lock bag. S a m p l e labe l ing procedure is described in SOP ISSI-
VBI70-01 Revision 0.
Care should be taken to avoid tracking soil f rom one area to another. As samples are taken
s equential ly, care should also be taken not to contaminate an area yet to be sampled with the
residue of the sample that is currently being taken. In general one should move in a s ingle
direction through the sampl ing area. If an area is known or suspec ted of having a higher
concentration of metals, all other considerations being equal, it should be sampled last to prevent
cross contamination.
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Figure 3 Idealized Alleyway Sampling Strategy

S C H O O L S A N D P A R K S S O I L
S u r f a c e soil sample s at schools and parks will be co l l e c t ed using the same sampl ing strategy as
discussed for the residential soil sampling ( S e c t i o n 4.1). The number of grab sample s col lec ted
at an individual school or park may vary, but 3 composite samples will be collected at minimum.
Each individual grab sample will be i d e n t i f i e d using marker f l a g s of any three d i f f e r e n t colors
(e.g., red, blue and yel low). The exact sampl ing pattern will be unique to the individual school
or park, and will be submitted as an attachment to the P r o j e c t Plan at a la t er date. At minimum,
each marker f l a g will be approx imat e ly equidistant from the other f l a g s and each color f l a g
should be a l t ernate ly placed so that same color marker f l a g s are not clustered.
The f ir s t composite will be col lec ted by combining the samples at f l a g s of similar color (e.g.,
red). Grab samples will be co l l e c t ed from the 0-2 inch soil horizon approx imat e ly 3-6 inches
f rom each marker f l a g . Each sample will be c o l l e c t ed using a clean coring tool (3-inch
diameter). Each grab sample marked by a red f l a g will be p lac ed into a s ingle z ip l o ck bag and
labeled in accord with the S a m p l e I d e n t i f i c a t i o n and Tracking SOP# ISSI-VBI70-01 Revision 0.
If obstructions are present at the intended sampling locations (e.g., sidewalk, garden, etc.), the
sample point should be o f f s e t so that a surficial soil may be co l l e c t ed , then the actual sample
location must be correctly documented on the f i e l d diagram.
Equipment decontamination (decon) must occur between c o l l e c t i o n of each compos i t e if clean
equipment t o o l s are not available. Decon procedures are described in S e c t i o n 10.0. Once sample
c o l l e c t i on at the red marker f l a g s is complete, all subsamples taken f r o m the 10 locations
i d en t i f i ed with a blue f l a g will be collected and placed in a single ziplock bag and labeled
appropriate ly. Decontamination will be performed as appropriate. F i n a l l y , all subsamples taken
from the 10 locations i d e n t i f i e d with a yellow f l a g will be placed in a s ingle z ip lock bag and
labe led appropr ia t e ly . Decontamination will be per formed as appropriate .
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Care should be taken to avoid tracking soil f r om one area to another. As sample s are taken
s equen t ia l ly , care should also be taken not to contaminate an area yet to be sampled with the
residue of the sample that is currently being taken. In general, one should move in a s ingle
direct ion through the sampl ing area. If an area is known or suspected of having a higher
concentration of metals, all other considerations being equal, it should be sampled last to prevent
cross contamination.
5 .0 C O L L E C T I O N OF C O M P O S I T E S A M P L E S USING A C O R I N G TOOL
A new pair of p l a s t i c gloves are to be worn in each S a m p l i n g Zone. For example, a new pair of
glove s should be worn for each composite sample at each residential yard.
Locate the Sub-sample Point on the ground s p e c i f i e d by the P r o j e c t Plan and clean the area f r e e
of twigs, leaves, and other vegetative material that can be eas i ly be removed by hand. If the
s p e c i f i e d Sub-sample Point is occupied by a rock, cobble or other hard objec t of s u f f i c i e n t size to
be incapable of easy removal by hand, move the S u b - s a m p l e Point to a locat ion closest to the
original S a m p l e Point and document the change in sample location in the f i e l d logbook page.
Place the soil coring tool on the ground and po s i t i on it vertically. H o l d i n g the tool handle with
both hands, a p p l y pressure s u f f i c i e n t to drive the tool approx imat e ly three inches into the ground
while a p p l y i n g a s l i gh t twisting force to the coring tool. Remove the tool by p u l l i n g up on the
handle while s imultaneously a p p l y i n g a twisting force. If the sample was retrieved s u c c e s s f u l l y ,
a p l u g of soil approx imat e ly three inches long should have been removed with the coring tool .
If the Pro j e c t Plan c a l l s for coring of soil covered by tur f - l ik e vegetation (lawn), the coring tool
should be pushed through the sod and the root mass extracted along with the soil core.
H o l d the soil coring tool horizontally or place it on the ground. Place the coring tool plunger with
the two inch s top inside the coring tool and push the soil p l u g out of the coring tool until the s t op
is encountered and two inches of soil remains inside. U s i n g a clean spatu la or kni f e , remove the
soil c o l l e c t ed at d ep th greater than two inches from the end of the s a m p l i n g tool . A l l o w this soil
to fall into the p l a s t i c bucket designated for excess soil material. Remove the s t oppered p lunger
f rom the soil coring tool and using the unstoppered plunger, push the two-inch soil p l u g f rom the
coring tool so that it f a l l s d irec t ly into the sample container. Repeat the s teps outlined above until
all the sub-samples f rom a given zone have been collected in the sample container.
Decontaminate equipment as described in Section 10.0.
6.0 C O L L E C T I O N OF C O M P O S I T E S A M P L E S USING A SPOON OR SCOOP
A new pair of p l a s t i c gloves are to be worn in each S a m p l i n g Zone.
Locate the Sub- sampl e Point on the ground s p e c i f i e d by the P r o j e c t Plan and clean the area fr e e
of twigs, leaves, grass, and other vegetative material that can be easily be removed by hand. If
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the s p e c i f i e d Sub- sampl e Point is occupied by a rock, cobble or other hard objec t of s u f f i c i e n t
size to be incapable of easy removal by hand, move the Sub- sample Point to a location c lo se s t to
the original S a m p l e Point.
Using the metal spoon or scoop, excavate a hole in the soil a p p r o x i m a t e l y two inches in diameter
and two inches deep while p la c ing the excavated material d i r e c t l y inside the compos i t ing bowl.
The s ides of the excavated hole should be close to vertical to avoid s a m p l i n g that is biased in
favor of the upper layer of soil.
Repeat s t eps outlined above until all the sub-samples f r o m a given zone have been co l l e c t ed in
the sample container.
Decontaminate equipment as described in Sec t i on 10.0.
7.0 SITE C L E A N - U P
The Proj e c t Plan will address the methods used to fill holes generated by the s ampl ing procedure.
In general, it is de s irable to fill s ampl ing holes with clean, moist t o p s o i l . The material should be
poured into the hole and tamped down l i g h t l y .
Rinse water and 0.01M HC1, the unused f ra c t i on of soil cores, the roots of vegetation removed
during sampl ing , and any unused soil generated in the course of sieving must be d i s po s ed of as
s p e c i f i e d in the Projec t Plan. Unle s s otherwise determined, this material should be regarded as
hazardous waste and d i spo s ed accordingly.
All 30 f l a g s (if reused) should be decontaminated by wiping off with towels and/or baby wipes.
8.0 RECORDING KEEPING AND QUALITY C O N T R O L
A general f i e l d notebook should be maintained by each team that is co l l e c t ing samples as
described in the Pro j e c t Plan. A d d i t i o n a l l y , each team will maintain a sample ID logbook. The
f o l l o w i n g information should be co l l e c t ed and maintained in each:
General F i e l d Logbook
• date
• tune
• personnel/team members
• weather conditions
• descriptions of any deviations to the Project Plan and the reason for the deviation.
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S a m p l e I D Logbook
• a sketch of the sampl ing pattern for each residence
• S a m p l e ID numbers
• QC samples co l l e c t ed
• de s cr ip t ion of any deviations and reasoning why
F i e l d drawings with grid dimensions needed for 30 subsample s size should integrate the
approximate house location and size. The diagram should also depict the 30 subsamples (by
color, sample locat ion, and sample number). In add i t i on , sample s taken from so i l s with v i s ib l e
staining or other indications of non-homogeneous conditions should be noted.
F i e l d personnel will co l l e c t the proper type and quantity of quality control sample s as prescribed
hi the Pro j e c t Plan.
9.0 S A M P L E P R E P A R A T I O N
Because data generated f rom c o l l e c t e d surface so i l s will be used in evaluations of risk for metals
exposure, sieving is required to obtain par t i c l e sizes that are the primary source of human
exposure (< 250 /u.m). However, due to the large number of sample s planned for the Phase III
sampl ing event, only a port ion of sample s will be sieved to < 250 /u.m. The frequency of sample s
i d e n t i f i e d for f i n e s is outlined in the Proj e c t Plan. S o i l sample must be dried and sieved in a
controlled environment (laboratory) rather than in the f i e l d . Composite samples should have their
sub-samples mixed prior to sieving.
9.1 Drying the S o i l s
S o i l s must be s u f f i c i e n t l y dry prior to sieving. T h i s may be determined by p er f o rming a
"squeeze" test. The soil p l u g is pinched between a f r e s h l y gloved thumb and index f inger . If the
soil f ragment s and becomes powdery, the sample may be regarded as adequate ly dry for sieving.
A l t e r n a t i v e l y , if soil squeezed in the pa lm of a f r e s h l y gloved hand becomes cohesive and retains
its shape a f t e r squeezing, the soil has too much moisture for sieving.

If samples are not s u f f i c i e n t l y dry, they should be air-dried by being allowed to stand in an open
or p a r t i a l l y covered sample container for 24 hours. Air-drying should be carried out in a warm
room with moderate air circulation. If the soil is s t i l l too moist, it should be l e f t to air dry for
another 24 hours and tested again.

Rough guidelines for soil drying times are as f o l l o w s :
• S a n d y soil (24 hours)

Silty soil (24 - 48 hours)
• Clayey soil (36 - 60 hours)

Technica l Standard Operating Procedures ISSI-VBI70 02I S S I C o n s u l t i n g Group, I n c . W P N o . 1 S M - V B 1 7 U - 0 2
Contract No. SBAHQ-98-D-0002
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
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Once soil samples have been determined to be adequately dry, the sample p l u g or scoop should
be manually crushed and broken up by squeezing the material with a f r e s h l y gloved hand. If the
sample contains a section of grass sod, the soil should be shaken from the grass roots a l l owing
this soil to mix with the other soil that will be sieved. The grass sod p l u g should be sub j e c t ed to
the screening process along with the other soil. Under no circumstances should the sample be
ground (either against i t s e l f or against the compositing bowl or the sieving screens) as grinding
generates part i c l e s that would not otherwise exist as part of the soil matrix.
9.2 S i e v i n g
Sieving will be p er f ormed for each sample using clean equipment as outlined in F i g u r e 4.
Unprocessed soi l s (de f in ed here as "raw soil") should f i r s t be sieved using a #10 screen, al lowing
partic le s <2 mm to pass through its mesh. S o i l s passing through a #10 screen will be d e f ined here
as "bulk soil". Upon request, the bulk soil should then be sieved using a #60 screen, allowing
part i c l e s <250 //m to pass through its mesh. S o i l s pas s ing through a #60 screen are referred here
as f i n e soil (" f ine s "). The screens may be stacked with the #10 screen on top and the #60 screen
below. Covers (top and bot tom) may be used as part of the sieving process if they are de s igned as
part of the sieve set.
Sieving should be performed by pouring the soil sample on top of the sieve and shaking the
screen r a p i d l y back and four th so that the material r o l l s over the screen mesh. The screen should
occas ional ly be tapped against a hard surface to a l l ow material to pass through mesh holes that
have become c l o g g e d . Shaking should continue only as long as material above the screen
contains p a r t i c l e s smaller than the mesh opening. The screening proces s should not be used to
break-up fragments of the soil core and materials should not be rubbed against the screen as a
way of making them pass through the mesh.
The screens should be thoroughly cleaned prior each use. Decontamination procedures are
described in S e c t i o n 10.0.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
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F i g u r e 4: S o i l P r e p a r a t i o n F l o w Chart

Raw S o i l
#10Sieve

Bulk F r a c t i o n( < 2 m m )

I d e n t i f ys a m p l e s f o rf u r t h e r s i e v i n g
#60Sieve

F i n e s F r a c t i o n( < 250 pm )

C o n t a i n e r i z e & lab e l C o n t a i n e r i z e & lab e l

S o i l r e m a i n i n gin sieve
I n v e s t i g a t i o nDerivedW a s t e s

D i s p o s a l

10.0 DECONTAMINATION
Because decontamination procedures are time consuming, having a quantity of s a m p l i n g t o o l s
s u f f i c i e n t to support decontamination at a maximum of once per day is recommended. All
s a m p l i n g and sieving equipment must be decontaminated prior to reuse.
The procedure to decontaminate all equipment is outlined below:
1) Remove vis ible soil.
2) Rinse equipment with po tab l e water.
3) Rinse equipment with deionized water.
4) Rinse in a solution of 0.01M H C 1 .
5) Final rinse with deionized water.
Washing should be per formed by sequential immersion of the equipment in buckets p a r t i a l l y
f i l l e d with these solutions. If necessary, a brush should be used to remove soil material f r om
screens and coring tools. Equipment should be set on clean towe l ing to dry. Equipment should
be v i s i b ly dry be fore being used again.
T e c h n i c a l S t a n d a r d Opera t ing Procedures
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
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W i p e s , gloves , and rinse solut ions must be d i spo s ed or stored p r o p e r l y as s p e c i f i e d in the P r o j e c t
Plan.
11.0 G L O S S A R Y
Project Plan - A written document that s p e l l s out the detailed s i t e - spe c i f i c procedures to be

f o l l o w e d by the FPL and the f i e l d personnel.
S a m p l e Point - The actual location at which the sample is taken. The dimensions of a sample

Point are 3" in diameter and 2" deep (core technique) or 3" across by 2" deep
( s p o o n / s c o o p technique).

Compo s i t e S a m p l i n g - A sample program in which m u l t i p l e S a m p l e Points are compiled together
and submitted for analysis as a s ingle sample.

S a m p l e zone - A unit of surface area sub j e c t ed to a given sample program. A given zone usual ly
is thought to contain similar metals concentrations or to be d e f in ed by a s ingle set of
exposure parameters.

Raw soils - S o i l with sticks, leaves and debris removed but otherwise unprocessed.
Bulk soils - Raw soil that has passed through a U . S . Standard #10 sieve (< 2 mm).
F i n e soil - Bulk soil that has passed through a U . S . Standard #60 sieve (< 250jum).
12.0 R E F E R E N C E S
USEPA, 1995. Residential S a m p l i n g for Lead: Pro to co l s for Dust and S o i l S a m p l i n g , Final
Report, EPA 747-R-95-001, USEPA, March 1995,38 p.
American Soc i e ty for T e s t i n g and Material s , 1995. Standard Practice for F i e l d C o l l e c t i o n of S o i l
S a m p l e s for Lead Determination by Atomic Spectrometery Techniques, ASTM Designation: E
1727-95, October 1995, 3 p.
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
--DRAFT--

I N T E R I O R S U R F A C E D U S T S A M P L I N G A T R E S I D E N C E S

1.0 PURPOSE
The purpose of this standard operating procedure (SOP) is to provide a standard approach
for c o l l e c t i o n of interior surface dust sample s within a residence. The SOP includes a
descript ion of the equipment and methods to be used. Thi s protocol will be implemented
by employee s of U S E P A Region 8 or contractors and subcontractors suppor t ing Region 8
p r o j e c t s and tasks.
2.0 RESPONSIBILITIES
The F i e l d Pro j e c t Leader (FPL) is re sponsible for ensuring that al l dust samples c o l l e c t e d
are obtained in accord with the procedures s p e c i f i e d in this SOP. The FPL may be an
U S E P A employee or an U S E P A contractor. The FPL is responsible for training all F i e l d
Personnel in the methods and techniques s p e c i f i e d in this SOP and for checking that all
work per formed s a t i s f i e s the s p e c i f i c tasks outlined by this SOP and the Pro j e c t Plan. It
is the r e spons ib i l i ty of the FPL to i d e n t i f y any deviations from the SOP that may be
required and to obtain approval for these deviations from the U S E P A Region 8 Remedial
Projec t Manager, Regional T o x i c o l o g i s t , or F i e l d Quality Assurance Coordinator prior to
initiation of any sampl ing act ivit ie s that are not in accord with this SOP.
3.0 D U S T C O L L E C T I O N PROTOCOL
3.1 Overview
T h i s protocol is for c o l l e c t i on of dust sample s from interior surfaces using a high-volume
vacuum method. The sampling method is based on the method of Roberts et al. (1989,
1991, 1994) and Stamper et al. (1990), and is presented in ASTM's Standard Practice for
Collection of Dust from Carpeted Floors for Chemical Analysis (ASTM 1993). The
protocol is suitable for the col lec t ion of interior dust samples from either hard or smooth
and highly textured surfaces, such as brickwork and rough concrete, and s o f t , f i b r o u s
surfaces, such as upholstery and carpeting.
At the VBI70 site, one dust sample will be c o l l e c t ed at each residence. T h i s sample will
be a composite of dust co l l ec ted from mul t ip l e d i f f e r e n t sub-locations within the
residence. At each sub-sampling locat ion, dust is withdrawn f rom the surface area by
means of a f l o w i n g air stream passing through a sampling nozzle at a s p e c i f i c velocity
and f l o w rate. Dust is separated from the air mechanically by a cyclone and is col lected
in a catch bo t t l e attached to the bottom of the cyclone. The cyclone c o l l e c t s par t i c l e s
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
- D R A F T - -

approx imate ly 5-um mean aerodynamic diameter and larger. The co l l e c t ed sample is
sub s tant ia l ly unmodi f i ed by the sampling procedure.
3.2 SAMPLING E Q U I P M E N T

3.2.1_____Sampling Appara tu s
The sampling apparatus may be acquired commercially [CSs model HVS3J (see Figure 1)
or constructed. The dimensions of the sampling apparatus (nozzle size, cyclone diameter,
cyclone inlet diameter, etc.) are interdependent. The f l o w rate must produce a s u f f i c i e n t
velocity both at the sampling surface and in the cyclone. The cyclone must have a cut
diameter of 5 am at the same velocity that will provide a horizontal velocity of 40 cm/s at
10 mm from the nozzle in the carpet material. The fundamental principle s of this device
have been discussed in Roberts et al. (ASTM 1994).

• Nozzl e — The edges and corners of the sampling nozzle shall be rounded to prevent catching
any carpeted material. The nozzle must be constructed to al low for s u f f i c i e n t suction to
separate loose part i c l e s from the carpet and carry them to the cyclone. It must have an
adjus tment mechanism to establish the nozzle lip paral l e l to the surface and to achieve the
proper suction veloci ty and pressure drop across the nozzle. A nozzle 12.4 cm l ong and I cm
wide, with a 13-mm f l a n g e and tapered to the nozzle tubing at no more than 30°, wil l yie ld the
a p p r o p r i a t e veloci t ie s when operated as s p e c i f i e d .

a Gasket s - Gasket s in j o i n t s should be of a material appropria t e to avoid sample
contamination.

• Cyc lone - The cyclone shall must be constructed such that air f l o w al lows for separation of
par t i c l e s 5-um mean aerodynamic diameter and larger. The cyclone must be made of

• aluminum or stainless steel.
• Catch B o t t l e — The catch bot t l e must be either a 500-mL amber glass jar (Fisher S c i e n t i f i c

Cat. No. 03-320-4C) or 500-mL f l u o r i n a t e d ethylene propy l ene (FEP) b o t t l e (Fisher S c i e n t i f i c
Cat. No. 03-312-22) to avoid contamination and allow the operator to see the sample.

• F l o w Control System - The f l o w control system shall a l low for substantial volume
adjus tment. The suction source must be capable of drawing 12 L/s through the system with
no restrictions other than the nozzle, cyclone, and f l o w control system connected. A
commercial vacuum cleaner can be used for this purpose.

• F l o w Measuring and S u c t i o n Gages - The use of Magnehelic gages for measurement of the
pressure drop at the nozzle and for control of the f l o w rate for the entire system is considered
adequate and a p p l i c a b l e for this sampling practice.

T e c h n i c a l S t a n d a r d Opera t ing Procedures SOP No. VBI70-03
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3.2.2 Other Equipment
S t o p Watcha D i s p o s a b l e Glove s

• Trash bag for d i spo s ing of wipes, gloves
• 50 cm long x 3 cm diameter brush for decontamination of sampling train

500-mL squeeze b o t t l e with 0.01 M HCI
• W i p e s
• Masking tape and marking pen
" Sieve - 150 urn mesh; #100 sieve must be either stainless steel or p la s t i c
• Analytical balance - accurate to 0.1 g; weighing range of 0.1 mg to 1 OOOg

T e m p l a t e (4 ft 2)
3.2.3 Reagents and Materials
All chemicals used for decontamination must be reagent grade or better.
3.3 Preparation and Calibration
Preparat ion - Clean the wheels and nozzle lip with a clean laboratory tissue immediate ly
be fore sampl ing. The sampl ing train shall be in spec t ed to ensure that it has been cleaned
and assembled properly. The sampling train shall be leak-checked prior to sampling.
Thi s can be accomplished by p la c ing a mailing envelope or a piece of cardboard beneath
the nozzle and switching on the suction source. The f l o w Magnehe l i c gage should read 5
Pa (0.02 in. E^O) or less. If any leakage is de t e c t ed , the system shall be inspec t ed for the
cause and corrected before use.
Cal ibra t i on-The sampl ing strategy described in this practice does not have any
calibrated f l o w devices other than the cyclone and the Magnehel ic gages. The cyclone
used for the separation of the par t i c l e s must be des igned to give proper separation at
varying f l o w rates throughout the sampling range of the system. The pressure gages and
any other devices (that is, temperature gage) used for testing purposes should be
calibrated against a primary standard. A d j u s t the f l o w rate and nozzle pressure drop to
values that approx imate those given in T a b l e 1.

« Pressure Gages - Pressure gages shall be calibrated against an inclined
manometer or other primary standard at the beginning of each day. One
means of checking a Magnehelic gage is to set a f l o w rate through the
sampl ing system with a manometer and then switch to the Magnehelic gage.
If the d i f f e r e n c e in the readings is more than 3%, the gage is leaking or is in
need of repair or calibration. T h i s should be done at two d i f f e r e n t f l o w rates
when checking the gage.
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3.4 S a m p l e Label and F i e l d Data S h e e t
Before beginning the dust co l l e c t ion protocol within a residence, f i r s t attach a pre-made
s i t e - s p e c i f i c sample i d e n t i f i c a t i o n label to a clean dust c o l l e c t i o n b o t t l e and attach the
bo t t l e to the sampling device. Then attach the corresponding pre-made sample
i d e n t i f i c a t i o n number to the f i e l d data sheet for that sample (see SOP ISSI-VBI70-01
Revision 0). T h i s f i e l d data sheet is presented in F i g u r e 2. On the data sheet, fill in the
appropriate information on the sampling team, date, residence address, etc. As sampling
progresses, record the location of each template co l l ec t ed on the f i e l d data sheet.
3.5 S a m p l i n g Locations within the Residence
A s ingl e compos i t e of dust will be c o l l e c t ed at each residence. T h i s composi te will be
composed of dust col lec ted from a number of sub-sampling locations, i d e n t i f i e d as
below. All sub-samples will be collected in rooms or other living areas ("living spaces")
where the re s idents are most l ike ly to be exposed. T h i s includes bedrooms, f a m i l y and/or
televis ion rooms, kitchens, hallways and entryways.
In most cases, two t empla t e s will be c o l l e c t ed per living space. Thus , the total number of
sub-samples col lec ted within a residence will be dependent upon the number of l iving
spaces available. In the case where a residence has more than 10 living spaces, only 1
t e m p l a t e per living space will be co l l e c t ed . T h i s approach is recommended so that 20-30
sub-samples are not col l ec ted for a large residence.
S u b - s a m p l e locations within a living space (l iv ing space sample po in t s) should f o cu s on
areas with the greatest potential for exposure. T h i s is t y p i c a l l y along the center axis of
the living space. Corners of rooms, areas beneath furniture, etc., are not l ike ly to be high
exposure areas (even if e s p e c i a l l y du s ty) and will not be sampled. A typical pat tern of
t e m p l a t e locat ions within a living space is i l lu s tra t ed below:

Living Spac e

Center
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If obstructions are present at locations described above, the sub-sample locat ion may be
o f f - s e t accordingly, the new location noted in the f i e l d logbook and sample c o l l e c t ed in
accordance with this SOP.
3.6 S a m p l i n g Procedure
At each sub-location within the house to be sampled (see below), p la c e the t emplat e on
the sampling surface. If needed, use masking tape to temporarily hold the t emp la t e to the
surface so the t empla t e does not move during sampling. Turn on the vacuum and place
the nozzle in one corner of the sampling area, then adju s t the f l o w rate and pressure drop
according to the type of surface. For hard surface s or level l o o p carpet, the f l o w rate
should be a d j u s t e d to at least 7.8 L/s (20 c fm), and the nozzle drop should be at least 2.2
kPa (9 in. BbO). For plush or shag carpet, the f l o w rate must be at least 9.5 L / s , and the
nozzle pressure drop must be at least 2.5 kPa (10 in. HaO). The two factors that a f f e c t the
e f f i c i e n c y of the sampling system are the f l o w rate and pressure drop at the nozzle. The
pressure drop at the nozzle is a func t ion of the f l o w rate and distance between the surface
and the nozzle f l a n g e .
Begin sampl ing by moving the nozzle along one edge of the sampl ing area. Move the
nozzle at approximate ly 0.5 m/s back and f o r t h f our times along the edge. Then move
the nozzle inward a distance equal to the e f f e c t sampling width of the nozzle and make
four passe s paral le l to the edge of the t empla t e . Repeat this s tr ip-by-strip c o l l e c t i on
pattern until the entire t emplate area has been covered.
Switch off the vacuum and move to the next sampling sub-location within the residence.
Repeat the process at each sub-location. When all sub-locations within the residence
have been sampled, the catch bo t t l e can be removed, lab e l ed , and capped for storage and
analysis.
3.7 Decontamination - S a m p l e r Cleaning
A f t e r all sub-samples have been co l l e c t ed at a residence, the sampl ing equipment must be
thoroughly decontaminated before beginning sampling at the next residence. With the
sample bo t t l e removed and s a f e l y stored, open the f l o w control valve to maximum f l o w ,
tip the sampler back so that the nozzle is approx imat e ly 5 cm (2 in.) off the f l o o r , and
switch the vacuum on. Place a hand covered by a rubber glove on the bottom of the
cyclone and alternate closing and opening the cyclone for 10 seconds to free any loose
material adhering to the wall s of the cyclone and tubing. It is not necessary to catch this
small amount of dust, as it is usually much less than 1% of the co l l e c t ed sample.
Remove the sampler to a well-ventilated cleaning area fr e e of dust. Remove the cyclone
and elbow at the top of the nozzle tubing from the sampler. Use a 50-cm long by 3-cm
diameter (20 by 1.25-in.) brush to clean the nozzle, and clean all related items up to and

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedures SOP No. VBI70-03
ISSI Consu l t ing Group, Inc. Revision No.: 0
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
--DRAFT--

i n c l u d i n g the cyclone and catch b o t t l e with the hydrochloric acid solution that has been
c e r t i f i e d lead and arsenic free . The total amount of dust removed in the air and wet
cleaning is usually much l e s s than 1% of the c o l l e c t e d dust. The air and wet cleaning is
p er f ormed to prevent contamination from pas s ing f r o m one sample to another. A f t e r
every 20 proper t i e s , an equipment blank will be c o l l e c t e d . Equipment blank sample
c o l l e c t i o n is described in the QC section ( S e c t i o n 6.2).
3.8 Prevention of Cros s-Contaminat ion
The f o l l o w i n g work practices should be f o l l o w e d to prevent cross-contamination of
samples:
• Avoid disturbing and tracking dust from one location to another by i d e n t i f y i n g and

clearly marking all sampling locations upon arrival at the sampl ing site, avoiding
walking through or over any of the marked sampling location areas, and instructing
f i e l d teams members to pul l on new di spo sab l e shoe covers upon each entry into the
bu i ld ing (this is e s p e c i a l l y s ignif icant if f i e l d teams have been walking through
known exterior contamination sources).

• Use a new pair of powder l e s s gloves at each sampl ing location.
• I n s p e c t all s ampl ing equipment for c leanlines s prior to c o l l e c t i o n of each sample.
• Do not open sample c o l l e c t i o n containers until needed to c o l l e c t each sample.
• I m m e d i a t e l y remove and d i s p o s e of gloves when s a m p l i n g is comple te .
5 .0 S A M P L E S T O R A G E AND ANALYSIS
5.1 S a m p l e Storage
A f t e r co l l ec t ion of the sample in the catch bot t l e , the bo t t l e should be t i g h t l y c a p p e d , the
security of the sample id en t i f i ca t i on number checked, and the bo t t l e p laced in an
appropriate storage container. Storage at ambient temperature for up to 180 days is
appropriate for samples that will be analyzed only for metals.
5.2 S a m p l e Preparation
Before analysis, each dust sample will be sieved to removed large non-dust material
(hair, f i b e r s , o b j e c t s , etc.). Sieve the sample s thorough a #100 mesh screen to i so late
p a r t i c l e s that are 150 um or smaller. A f t e r sieving, weigh the sieved material to an
accuracy of ± O.lg. T h i s weight will be reported by the laboratory so that l o a d i n g data
may be determined.

Techni ca l S t a n d a r d Operating Procedures SOP No. VBI70-03
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T E C H N I C A L S T A N D A R D O P E R A T I N G PROCEDURE
- D R A F T -

5.3 S a m p l e A n a l y s i s
The analytes of interest for indoor dust are arsenic and lead. Because the mass of dust
co l l e c t ed from a residence is o f t e n too low to support r e l i ab l e quant i f i ca t i on by XRF
techniques, sample s will be d ig e s t ed using nitric acid ( S W - 8 4 6 method 3050 or 3 0 5 1 )
and analyzed using standard U S E P A p r o t o c o l s via either graphite furnace atomic
absorption ( G F A A ) o r Induc t i v e ly C o u p l e d P l a s m a / M a s s S p e c t r o m e t r y ( I C P / M S ) ,
prov id ing the f o l l o w i n g de t e c t i on l imi t s are achieved:

Arsenic l . O m g / k g
Lead 5.0 m g / k g

6 . 0 F I E L D Q U A L I T Y A S S U R A N C E / Q U A L I T Y C O N T R O L
Adherence to qual i ty assurance/quali ty control ( Q A / Q C ) procedures is an important part
o f f i e l d sample c o l l e c t i on . F i e l d Q A / Q C procedures include documentation
requirements, and f i e l d QC samples.
6.1 Documentat ion Requirements
All f i e l d documentation requirements are included in the I n d o o r Dust Data Shee t (see
F i g u r e 2). Each sampling team must ensure that all required items are recorded on this
f i e l d data sheet, that the sample number is f i r m l y a f f i x e d , and that any deviations f rom
the SOP are noted on the sheet.
6.2 F i e l d QC S a m p l e s
F i e l d blanks. F i e l d blank sample s are used to i d e n t i f y any po t ent ia l systematic
contamination present in the catch bo t t l e or wipes and handl ing of sample s during f i e l d
col lec t ion and laboratory analysis activities. F i e l d blanks should be co l l e c t ed in the same
manner used to co l l e c t f i e l d sample s with the except ion that the vacuum s a m p l i n g nozzle
is po int ed away from the f l o o r and air is drawn through the catch bo t t l e . Remove bo t t l e ,
cap, and record on a f i e l d data sheet.
Blind Standard (Reference Material) S a m p l e s . Blind standard will be submitted to the
laboratory to determine the accuracy of metals analysis using this sample c o l l e c t i on
method. The these QC sample s will be submitted b l i n d l y to the laboratory at a frequency
of 20% (1 bl ind standard per 20 f i e l d sample s).

T e c h n i c a l S t a n d a r d Opera t ing Procedures SOP No. VBI70-03
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F I G U R E 2
I N D O O R D U S T

D A T A S H E E T
P H A S E :

M E D I U M : I N D O O R D U S T
SOP: ISSI-VBI70-03 Revision 0

D A T E :
S A M P L E T E A M I D : ______________

L O C A T I O N :

C L A S S :

S A M P L E T Y P E :
T E M P L A T E S I Z E :

House*
F S
EB
F B

COMP

Street Name
( F i e l d S a m p l e )
(Equipment Blank)
( F i e l d Blank)

4 f t 2

T E M P L A T E C O L L E C T I O N L O C A T I O N S :
N u m b e r

1
2
3
4
5
6
7
8
g

10
11
12
13
14
15
16
17
18

L i v i n g Area ( a ) S u r f a c e T y p e ( b ) N o t e s

j

( a ) L i v i n g Area Code s:
BR = bedroom
FR = f a m i l y room 1 Jiving room
K = ki t chen
D = d i n i n g / ea t ing area
H = h a l l way
E = entry way
O = other (note which)____

( b ) S u r f a c e T y p e s :
H = hard ( l i n o l e u m , stone, wood, etc.)
S = sof t (carpet, rag, etc.)
O = other (note which)________
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F i g u r e 3

M E A S U R I N G T A P E

COanLU
LÛ
m
_o
too

1 2 3 4 5

B E G I N W I T H S T R I P 1 . M O V E T H E
S A M P L E R A T A P P R O X I M A T E L Y 0 . 5 M / S .
MOVE T H E S A M P L E R F O U R T I M E S
E A C H D I R E C T I O N F O R A T O T A L O F
F O U R P A S S E S B A C K A N D F O R T H P E R
S T R I P . T H E N G R A D U A L L Y MOVE T O
S T R I P 2 A N D R E P E A T T H E
P R O C E D U R E . C O N T I N U E U N T I L T H E
E N T I R E T E M P L A T E ( 1 M 2 ) H A S BEEN
V A C U U M E D .

M E A S U R I N G T A P E
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TABLE 1 A p p r o x i m a t e V a l u e s f or F l o w Rate and N o z z l e Pressure Drop
_______CarpetType___________Flow Rate____Nozzle Pressure Drop
P l u s h 9.5 L/s (20 CFM) 2.2 kPa (9 in. H20)
Level l o o p 7.8 L/s (18 CFM) 2.5 kPa (10 in. H 20)



T A B L E 2 S a m p l i n g E f f i c i e n c y U s i n g M o d i f i e d Laboratory Tes t M e t h o d
F 6 0 8 a

Parameters
F l o w rate (Us)
Delta P ( k P a ) b

Mean % of mass col l ec t ed in cyclone
S t a n d a r d deviation
N u m b e r of tests

Carpet T y p e
P l u s h

9.4
2.3

69.5
1.2
1

Level L o o p
7.6
2.5

66.8
2.8
3

1 C a r p e t dust l o a d i n g was 15.9 g/m 2 .b Pressure drop at nozzle.
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D O C U M E N T N U M B E R :

R E V I S I O N : 0P A G E : 2 OF 5

S O P : P R O P E R T Y A C C E S S

1.0 P U R P O S E
The purpo s e of th i s SOP is to provide procedures and g u i d e l i n e s to the Morrison K n u d s e nper s onne l a s s igned to the V B / l - 7 0 p r o j e c t and the ir subcontractors r e g a r d i n g reque s t ing consentfor p r o p e r t y access, c o n d i t i o n s tha t l i m i t access, and p r o p e r conduct when working on pr iva t eproper ty .
2.0 S C O P E
T h i s procedure covers a c t i v i t i e s associated with ou tdoor and indoor s a m p l i n g a c t i v i t i e s on pr ivat ep r o p e r t i e s targeted f o r s a m p l i n g under thi s pro j e c t .
3 .0 RESPONSIBILITIES
A l l F i e l d Personnel a r e r e s p o n s i b l e f o r i m p l e m e n t i n g t h i s procedure a s s p e c i f i e d , r e c ord ingcommuni ca t i on s wi th p r o p e r t y owners, en sur ing personal s a f e t y , a n d n o t i f y i n g t h e F i e l dS u p e r v i s o r of any prob l ems or concerns.
The Fie ld S u p e r v i s o r i s r e spons i b l e f o r t r a i n i n g f i e l d personnel t o this procedure , e m p h a s i z i n gthe need for s a f e and p r o f e s s i o n a l conduct o f a l l f i e ld p e r s o n n e l , reviewing communica t i onrecords, and n o t i f y i n g th e S i t e M a n a g e r o f any p r o b l e m s or concerns. The Fie ld S u p e r v i s o r w i l lalso provide i n f o r m a t i o n to f i e l d personnel i d e n t i f y i n g p r o p e r t i e s for which access has beenreceived and those for which access is to be requested.
The S i t e M a n a g e r i s r e s p o n s i b l e f or en sur ing that p r o p e r resources are prov ided for t r a i n i n g tot h i s proc edure and maintenance of s a f e working c o n d i t i o n s , and reque s t ing s u p p o r t f r o m EPA inr e s p o n d i n g to access prob l ems or concerns.
4.0 REQUIREMENTS
4.1 Genera lOnly those proper t i e s for which written consent for p r o p e r t y access has been provided bythe owner wi l l be s a m p l e d . To the extent p o s s i b l e , written consent for access wi l l beobtained in advance of the s a m p l i n g program. Field personnel wi l l a t t empt to gain writtenconsent for access for a d d i t i o n a l p r o p e r t i e s in the course of the s a m p l e program. Fieldper sonne l w i l l work in crews of at leas t two at all t imes.
4.2 C o n d i t i o n s L i m i t i n g Access

:\4994\1004\sopVwpd



/ W Q E R A R E G I O N V I I I
\ J j g 7 R E S P O N S E A C T I O N C O N T R A C T

S O P :

D O C U M E N T N U M B E R :

REVISION: 0 P A G E : 3 OF 5

P R O P E R T Y A C C E S S

Provid ing a s a f e working environment i s M K ' s highe s t prior i ty. T h e f i e l d per sonnel mustbe cognizant of all c ond i t i on s ex i s t ing at an i n d i v i d u a l p r o p e r t y , and are required toi m m e d i a t e l y leave the p r o p e r t y if there are any s a f e t y concerns, i n c l u d i n g any of thef o l l o w i n g condi t ions:• Dog or other p o t e n t i a l l y dangerous animal is unrestrained or i n a d e q u a t e l y restrained• Res ident or owner requests that p er s onne l leaveR e s i d e n t , owner or o ther i n d i v i d u a l v e r b a l l y threatens or harasses any per sonne lRes id en t or owner requires s a m p l e s be c o l l e c t e d in a l o c a t i o n or manner contrary to thea p p r o v e d proc edureS i g n s of any cr iminal ac t ivi ty are observed" K e e p Out" or equivalent sign is posted and written access has not been receivedGate s of any he ight are lockedPotent ia l p h y s i c a l , b i o l o g i c a l or chemical hazards exist
4.3 Request for P r o p e r t y Acces s4.3.1 Field p er s onne l wil l request access f r o m se l ec t ed p r o p e r t i e s as d i r e c t ed by the FieldS u p e r v i s o r .
4.3.2 Personne l w i l l pos se s s p r o p e r i d e n t i f i c a t i o n and the f o l l o w i n g i n f o r m a t i o n in E n g l i s h andS p a n i s h :E P A Phase I I I s a m p l i n g fac t shee t(s)Cover l e t t er sent to proper ty ownersAccess agreementL e t t e r f r o m community representatives
4.3.2 Personne l w i l l knock or ring the door b e l l at the f r o n t door of the home, p r o v i d e d that noneof the C o n d i t i o n s L i m i t i n g Access l i s t e d above exist.
4.3.3 If the resident does not answer, an E P A - a p p r o v e d b i l i n g u a l notice w i l l be left at the door.
4.3.4 If the resident answers, personnel should ask to speak to a parent if a minor answers thedoor, and shou ld communicate the f o l l o w i n g :

N a m e a n d a f f i l i a t i o n• P u r p o s e of visitI n q u i r e as to whether the a d u l t re s ident is the ownerIf no, a sk whether they would l i k e written i n f o r m a t i o n to f orward to the ownerIf yes, e x p l a i n that s a m p l i n g i s o n g o i n g in t h e i r area, p r o v i d e the writteni n f o r m a t i o n , prov id e an o p p o r t u n i t y to s ign and submit the access agreementat that time, and ask owner how l o n g they have owned the p r o p e r t y

f:\4994\1004\sopVwpd
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Answer any commonly asked questions and if needed e x p l a i n that other ques t ionsw i l l be f o r w a r d e d to ERA and that someone wi l l contact them with a re sponse
4.3.5 If the resident s igns the access agreement, the f i e l d personnel wi l l v e r i f y the name againstthe ownership records (1998 tax assessor records). Proceed to col lec t s a m p l e s if any oft h e f o l l o w i n g a p p l y :The owner name matches e i ther the owner or co-owner l i s t e d in the records• The owner s tated that p r o p e r t y was purchase w i th in the last yearThe name is not l i s t ed in the ownership records
4.3.6 If the resident s igns the access agreement but 4.3.5 does not a p p l y , a d d i t i o n a l measuresmay be taken to c o n f i r m receipt of the p r o p e r t y owners' consent.
4.3.7 Personnel w i l l record the f o l l o w i n g i n f o r m a t i o n for each p r o p e r t y in an access logbook:Date and timeP r o p e r t y addre s sW h e t h e r a d u l t resident was homeW h e t h e r agreement was signed• Owner name(s) l i s t ed in ownership records• S u m m a r y of c ommunica t i ons• I n q u i r i e s , c o m p l a i n t s and items r equ ir ing EPA response
4.4 Personnel Conduc t4.4.1 Field personnel w i l l take all a v a i l a b l e measures to prevent damage to private proper ty , torestore the p r o p e r t y to i t s prev iou s c o n d i t i o n , and to be r e s p e c t f u l of re s idents . All trash,e q u i p m e n t and m a t e r i a l s used by field personnel w i l l be removed f r o m the p r o p e r t y uponc o m p l e t i o n of s a m p l i n g .
4.4.2 The f o l l o w i n g act ivi t i e s are not p ermi t t ed on r e s id en t ia l p r o p e r t i e s :U n a u t h o r i z e d p a r k i n g• Loi t e r ing or s p e n d i n g break timeS m o k i n gO f f e n s i v e l a n g u a g e or behavior• T r e s p a s s i n g over locked gate s• Unauthor i z ed entry to home or exterior structures• Dis turb ing any area or vegetat ion except as required by the s a m p l i n g procedures
5 . 0 A T T A C H M E N T
Proper ty Access Cover Letter, Agreement , and Letter f r om Communi ty Representat ive s

f:\4994\1004\ sopVwpd
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R e f : 8 E P R - S R J u n e 1 1 , 1 9 9 9

Dear Proper ty O w n e r / R e s i d e n t :
The Environmental Pro t e c t i on A g e n c y (EPA) i s i n v e s t i g a t i n g th e s o i l s in th e S w a n s e a , E l y r i a , C o l e ,

C l a y t o n , and G l o b e v i l l l e n e i g h b o r h o o d s of Denver. You may be aware tha t in the s p r i n g and summer of
1998, we conducted a s tudy in these neighborhoods by c o l l e c t i n g soil sample s f r om over 1300 r e s i d en t ia l
yards. S o i l was te s ted for arsenic and lead c on t en t . The m a j o r i t y of yards s a m p l e d have low l e v e l s , but some
had l e v e l s h i g h enough to warrant r e p l a c e m e n t of the soil in the yard.

T h i s summer, EPA wil l be c o l l e c t i n g and t e s t i n g soil f rom r e s i d e n t i a l yards that were not t e s t e d l a s t
year. Our s t u d y boundarie s are 56 th Avenue to the north, Mart in L u t h e r K i n g Boulevard on the s ou th , the
S o u t h P l a t t e River on the we s t , and C o l o r a d o Boulevard on the east. We wi l l also in c lude a small area in
G l o b e v i l l e that i s west of 1-25 (to Fox S t r e e t ) and s ou th of 1-70. We'd l i k e to s a m p l e every r e s i d e n t i a l yard in
the s t udy area. T h i s i n f o r m a t i o n w i l l be important for EPA's use in l o o k i n g at p a t t e r n s o f l ead and arsenic
l e v e l s and for p r e d i c t i n g p o t e n t i a l h e a l t h risks a s s o c i a t e d with contac t wi th so i l . We also th ink t h i s i s
important i n f o r m a t i o n for every homeowner to have to ensure p r o t e c t i o n of your h e a l t h and that of your
f a m i l y .

EPA requests your wri t t en permis s ion to conduct t h i s work on your proper ty . Your name and
s ignature will not be p u b l i c l y avai lable . S o i l c o l l e c t i o n and t e s t ing is free . If you are w i l l i n g to volunteer to
have your soil s a m p l e d and t e s t e d , p l e a s e f o l l o w these s t ep s :
( 1 ) P L E A S E READ A N D S I G N T H E A T T A C H E D " A C C E S S A G R E E M E N T . "

( 2 ) P L A C E T H E S I G N E D A C C E S S A G R E E M E N T I N T H E E N C L O S E D P O S T A G E P A I DE N V E L O P E A D D R E S S E D T O E P A ' S C O N T R A C T O R , M O R R J S O N K N U D S E N , A N D DROP I T
I N T H E M A I L .
You don't need to be home when the s a m p l e s are c o l l e c t e d but if you w o u l d l ike to be, we w i l l

a t t e m p t to s c h e d u l e s a m p l i n g when you are there. If you are r e n t i n g the p r o p e r t y , p l e a s e ask the owner to
sign the agreement. S o i l s a m p l e s wi l l be sent to a laboratory for t e s t ing . T h i s work may take up to three
months . When t h e y are a v a i l a b l e , EPA wil l mail i n d i v i d u a l r e s u l t s to each p r o p e r t y owner.

If you have que s t ions about t h i s s t u d y , p l e a s e don ' t h e s i t a t e t o c a l l Pat Courtney a t (303) 312-6631, or
Ted F e l l m a n a t (303) 312-6119 . T h a n k you very much for your cooperat ion.

S i n c e r e l y ,
Bonnie L a v e l l e
Remed ia l P r o j e c t M a n a g e r

enc lo sure s
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9 9 9 18th S T R E E T - S U I T E 5 0 0
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A C C E S S A G R E E M E N T
P R O P E R T Y :

I wi l l a l l ow Environmental Protec t ion Agency ( E P A ) s t a f f and EPA's authorized repre sentat ive s t o have
access to my p r o p e r t y i d e n t i f i e d above for the purpo s e of c o l l e c t i n g soil sample s . I under s tand that t h i s
service is provided at no cost to me.
I understand that this soil t e s t ing is part of an inve s t iga t ion of p o s s i b l e metals contamination in s o i l s in
the north Denver area. EPA is c o n d u c t i n g t h i s i n v e s t i g a t i o n as part of its r e s p o n s i b i l i t i e s under the
Comprehensive Environmental Response, Compensa t i on and L i a b i l i t y A c t , a law also referred to as
" S u p e r f u n d " .

Print Name Date

S i g n a t u r e Phone Number

Please check the f o l l o w i n g i f a p p l i c a b l e :
__ I would like EPA to p r o v i d e me wi th a p o r t i o n of the s a m p l e , c a l l e d a " sp l i t s ampl e , " that I may have

analyzed at my own expense.
If you have any questions, p l ea s e contact Ted F e l l m a n at (303) 312-6119, or Malta V a l e n t i n e from the
Morrison K n u d s e n C o r p o r a t i o n ( E P A ' s con trac tor) a t ( 3 0 3 ) 948-4693.
Y o u r Comments:

P L E A S E S I G N A N D R E T U R N T H I S A C C E S S A G R E E M E N T T O O U R C O N T R A C T O R I N T H E
E N C L O S E D P R E P A I D E N V E L O P E . Soil s a m p l i n g w i l l take about I hour. The owner or r e s ident need
not be pre s ent . If you would l ik e to be n o t i f i e d when we p l a n to s a m p l e your p r o p e r t y , p l e a s e s ta t e so in the
Comment s s e c t ion and p r o v i d e your phone number. A l s o , pet owners are asked to prov id e a phone number
so that if necessary we may s chedu l e the s a m p l i n g at a time when the pet wi l l be indoors or re s trained.
T h a n k you for p a r t i c i p a t i n g in th i s i m p o r t a n t s t u d y o f your ne ighborhood .
N O T E : If you are not the current p r o p e r t y owner, and you are not a renter who wi she s to f orward t h i s request
to the owner, p l ea s e state so in the Comment s sect ion and return th i s agreement unsigned.
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999 18™ S T R E E T - SUITE 500
D E N V E R , C O L O R A D O 80202-2466

Ref: 8 E P R - S R j u n i o 11 , 1999
P r o p i e t a r i o / R e s i d e n t e :

L a A g e n c i a d e P r o t e c c i o n d e l M e d i o A m b i e n t e ( E P A ) , a c t u a l m e n t e esta h a c i e n d o
e s t u d i o s d e su e l o e n l o s v e c i n d a r i o s d e S w a n s e a , E l y r i a , C o l e , C l a y t o n y G l o b e v i l l e d e l a c i u d a d
de Denver. Ud p u e d e haber n o t a d o que d u r a n t e la p r i m a v e r a y el verano del ano 1 9 9 8 , se h i c i e r o n
e s t u d i o s en e s to s vec indario s c o l e c c i o n a n d o raue s tra s de s u e l o de mas de 1,300 p a t i o s de casas
r e s i d e n c i a l e s . Los s u e l o s f u e r o n e x a m i n a d o s para p o d e r d e t e r m i n a r e l c o n t e n i d o de arsenico y
p l o m o presente . En general , la mayoria tem'an un c o n t e n i d o b a j o o minimo, pero en a l g u n o s casos
e l c o n t e n i d o e s taba s u f i c i e n t e m e n t e a l t o , e l cual requeria que e l s u e l o del p a t i o e x i s t e n t e s ea
r e e m p l a z a d o .

E s t e verano, EPA es tara c o l e c c i o n a n d o m u e s t r a s de p a t i o s r e s i d e n c i a l e s que no f u e r o n
e xaminado s el ano anterior. Los l i m i t e s para los e s t u d i o s e s t a n en t r e la A v e n i d a 56 al norte ,
M a r t i n L u t h e r K i n g Boulevard al sur, e l r io S o u t h P l a t t e a l o e s t e y C o l o r a d o B o u l e v a r d a l e s t e . Al
igual e s tara i n c l u i d a una pequena porcion en G l o b e v i l l e la cual esta al oeste de la a u t o p i s t a 1-25 (a
la c a l l e Fox) y al sur de la a u t o p i s t a 1-70. El p l a n es de a s cgurar que c a d a una de las r e s i d e n c i a s
i n c l u i d a s en el e s t u d i o sean examinadas , La in f ormac i on o b t e n i d a sera muy i m p o r t a n t e para que
EPA p u e d a e s t a b l e c e r n i v e l e s de arsenico y p l o m o e x i s t e n t e s y al rnismo t i e m p o p o d e r p r e d e c i r e l
p o t e n c i a l de r i e sgo s a la s a l u d d e b i d o al c o n t a c t o con e l s u e l o e x i s t e n t e . Al i g u a l , creemos que la
i n f o r m a c i o n s ea muy i m p o r t a n t e para t o d a f a m i l i a r e s i d e n t e , a s e g u r a n d o que cada una t e n g a la
d e b i d a p r o t e c c i o n per sonal y de su f a m i l i a .

EPA p i d e el permiso en e s c r i t o para r e a l i z a r los examenes de s u e l o en su p r o p i e d a d . Su
nombre o f i rma no seran hechos p u b l i c o s . La co lecc ion de sue lo s y los examenes de los mismos
e s g r a t i s . Si u s t ed es ta d i s p u e s t o acceder v o l u n t a r i a m e n t e a l e s t u d i o d e s u e l o s , por f a v o r s i g a l o s
s i g u i e n t e s p a s o s :
(1) Por f a v o r l ea y f i rme e ! f o r m u l a r i o i n c l u i d o "Acuerdo d e Acceso."
(2) C o i o q u e e l f o r m u l a r i o f i r m a d o en e l sobre a d j u n t o con la d i r e c c i o n de la f i r m a de

contrato s para EPA, Morrison K n u d s e n y d e p o s f t e l o en un buzon de correo (no se
nec e s i ta una e s t a m p i l l a ) .
Ud no n e c e s i t a e s tar p r e s e n t e en su d o m i c i l i o durante la c o l e c c i o n de mues tras de s u e l o ,

pero si d e s e a e s tar p r e s e n t e , trataremos de marcar un horario que asegure su p r e s e n c i a . Si u s t ed
e s t a a l q u i l a n d o l a p r o p i e d a d , p o r f a v o r p i d a q u e e l dueno d e l a casa f i r m e d i c h o f o r m u l a r i o . L a s
mues tras de s u e l o c o l e c c i o n a d o s , seran e n v i a d o s a un l a b o r a t o r i o para hacer el d e b i d o a n a l i s i s . El
a n a l i s i s tomara unos tres meses y al cabo de es tos , los r e s u l t a d o s seran env iado s a cada dueno de
casa.

S i t i ene a l g u n a s p r e g u n t a s c o r r e s p o n d i e n t e s a l o s e s t u d i o s , p o r f a v o r l l a m e a T e d F e l l m a n
al niimero ( 3 0 3 ) 312-6119 . Se le a g r a d e c e mucho por su c o p e r a c i o n .

A t e n t a m e n t e ,
B o n n i e L a v e l l e
G e r e n t e de l P r o y e c t a

A d j u n t o s

l l l f T U T A k l - 3 V I . I I . I J C . C . T l 7 )
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ACUERDO DE A C C E S O

Para la p r o p i e d a d i n d i c a d a al o tro l a d o de la h o j a
Permitire ai p er s ona l de la EPA y a sus r epre s en tant e s autorizados tener acceso a mi p r o p i e d a d
para el p r o p o s i t o de reco l e c tar muestras di tierra. E n t i e n d o que e s te servicio se proporc ionara sin
ningi in co s to para mi.
E n t i e n d o t a m b i e n que e s t e a n d l i s i s de s u e l o s f orma parte de una i n v e s t i g a c i o n sobre la p o s i b l e
contaminacion por me ta l e s de los suelos del norte de Denver. La EPA real iza e s t a i n v e s t i g a c i o n
como parte de sus r e s p o n s a b i l i d a d e s , de acuerdo con las d i s p o s i c i o n e s de la "Comprehens ive
Environmenta l R e s p o n s e , C o m p e n s a t i o n a n d L i a b i l i t y Act" ( R e s p u e s t a E c o l d g i c a I n t e g r a l , L e y d e
R e s p o n s a b i l i d a d e s y C o m p e n s a c i o n e s ) , una ley tambien conocido corno " S u p e r f o n d o . "

N o m b r e I m p r e s o F e c h a

F i r m a . T e l e f o n o
Por f a v o r marque el p a r r a f o si le c orr e sponde:
C Pido que la EPA me d e j e una porcion de las de muestras c o l e c c i onada s en mi p r o p i e d a d ,

l l a m a d a s " s p l i t s a m p l e . " E n t i e n d o que e l c o s t o de l a n a l i s i s sera mio.
S i t iene a l g u n a s p r e g u n t a s , p o r f a v o r l l a m e a T e d F e l l m a n (303) 312-6119.
S u s Comentario s:

P O R F A V O R F I R M E E S T E F O R M U L A R I O D E A C U E R D O D E A C C E S O Y E N V I E L O A
N U E S T R O CONTRATISTA EN EL SOBRE JNCLUIDO (no se necesita una e s t a m p i l l a ) . El
t r a b a j o tomara aprox imadamente una hora. Ud. no necesi ta estar pre s ente en su d o m i c i l i o durante la
c o l e c c i o n de mues tras de sue lo . Si de s ea s e r n o t i f i c a d o , i n d i q u e l o b a j o la s e c c idn de c omentano s y
i n c l u y a su t e l e f o n o . I g u a l m e n t e , p e r s ona s d u e f i a s r i e a n i m a l e s d o m e s t i c o s d e b e r a n d e j a r un numero de
t e l e f o n o en caso que sea necesano f i j a r la hora de c o l e c c i on a un t i e m p o mas p r o p i o a s e g u r a n d o que el
animal este encerrado o amarrado. Otra vez, muchas gracias por p a r t i c i p a r en este e s t ud i o para el bien
de la v e c i n d a r i o .
N o t a : Si L i s t e d no e s deuno de la p r e s e n t e p r o p i e d a d , y no de sea menc ionar este t r a b a j o a lo s d u e n o s ,
por f a b o r i n d i q u e l o en la parte marcada para comemarios y d e v u e l v a escos f o r m u l a r i o s sin f irmar.
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S O P : C H A I N O F C U S T O D Y A N D S A M P L E H A N D L I N G

1.0 P U R P O S E

The p u r p o s e o f t h i s S t a n d a r d O p e r a t i n g Procedure (SOP) is to p rov id e ins truc t ions to MK and
a s s i gned to the V a s q u e z B o u l e v a r d / l - 7 0 p r o j e c t , and t h e i r subcontrac tor s , on m a i n t a i n i n g and
d o c u m e n t i n g chain of c u s t o d y (COG) and on c o n t a i n i n g , pre s erv ing, and p a c k a g i n g s a m p l e s for
s h i p m e n t t o o f f - s i t e l a b o r a t o r i e s .

2.0 S C O P E

T h i s p r o c e d u r e covers a c t i v i t i e s a s soc iated with m a i n t a i n i n g and d o c u m e n t i n g chain o f c u s t o d y
and environmental s a m p l e h a n d l i n g . T h i s procedure does not cover a c t i v i t i e s as sociated with
s u b m i t t i n g s a m p l e s f o r a n a l y s i s under E P A ' s C o n t r a c t L a b o r a t o r y Program.

3.0 R E F E R E N C E S

M K E n g i n e e r i n g S t a n d a r d 3.4, S a m p l i n g H a n d l i n g Requirements
EPA M e t h o d 6010: I n d u c t i v e l y C o u p l e d Pla sma A t o m i c Emission S p e c t r o s c o p y , SW-846
4 . 0 R E S P O N S I B I L I T I E S

4.1 The S a m p l e r i s r e s p o n s i b l e f or c o l l e c t i n g s a m p l e s in a p p r o p r i a t e conta iner s , l a b e l i n g
s a m p l e containers and m a i n t a i n i n g and d o c u m e n t i n g s a m p l e c u s t o d y u n t i l the s a m p l e s are
r e l i n q u i s h e d .

4.2 The F i e l d S u p e r v i s o r i s r e s p o n s i b l e for review of s a m p l e l a b e l i n g , chain of cu s t ody
d o c u m e n t a t i o n , and p a c k a g i n g o f s a m p l e s for s h i p m e n t .

4.3 The P r o j e c t Chemi s t w i l l be r e s p o n s i b l e for v e r i f y i n g i m p l e m e n t a t i o n of t h i s procedure
t h r o u g h s u r v e i l l a n c e and m a i n t a i n i n g records.

4994\sop\coc_0.wpd
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4.4 The S i t e M a n a g e r wi l l be r e s p o n s i b l e for ensuring that records are p r o p e r l y mainta ined

and that per sonne l are trained to th i s procedure.

5.0 REQUIREMENTS

5.1 C h a i n of C u s t o d y Procedures
Chain of cu s tody must be mainta ined at all t imes and documented on a COC form. A
s a m p l e i s in an individual' s cu s tody if:

It i s in h i s / h e r po s s e s s i on
It i s in h i s / h e r view, a f t e r b e ing in t h e i r po s s e s s i on
It was in h i s / h e r po s s e s s i on and h e / s h e e i th er locked it or p l a c e d it in a sealed
container to prevent t a m p e r i n g
It is in a d e s i g n a t e d secure area

5.1.1 Chain of cu s t ody f o r m s s h a l l be used for all s a m p l e s submit ted to ei ther the on-site
labora tory or an o f f - s i t e laboratory. An e x a m p l e COC for an MK contract lab is pre s ent ed
as A t t a c h m e n t 1.

5.1.2 Each s a m p l e s h a l l be entered on the COC at the time of s a m p l e c o l l e c t i o n by the
S a m p i e r ( s ) . The f o l l o w i n g i n f o r m a t i o n s h a l l b e entered:
>• Pro j e c t i d e n t i f i c a t i o n
> S a m p l e i d e n t i f i c a t i o n number
> Date and time s a m p l e d
> S a m p l e media
> Required analyse s
> N u m b e r o f containers co l l e c t ed for the s a m p l e

5.1.3 Each person on the s a m p l i n g team s h a l l s ign the COC in the S a m p l e r s S i g n a t u r e box.
W h e n s a m p l e s are r e l i n q u i s h e d , one of the s a m p l i n g team members w i l l s ign the
" R e l i n q u i s h e d By" s i g n a t u r e b l o ck at the bo t tom of the COC and enter the d a t e and time.
The person receiving the s a m p l e s wil l s i g n the "Received By" s i g n a t u r e b lock.
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5.1.4 One copy of the COC w i l l be retained a l o n g with c o r r e s p o n d i n g a i r b i l l s and p r o v i d e d to the

Proje c t Chemis t f or review and f i l ing.

5.1.5 C u s t o d y seals wil l be p la c ed on all containers used to s h i p s a m p l e s to an o f f - s i t e
labora tory, and also wil l be used whenever the s a m p l e s are not in view or in a secured
area. The s ea l s must be p l a c e d so that is would not be p o s s i b l e to t a m p e r with the s a m p l e
without d i s t u r b i n g the seal.

5 . 2 S a m p l e C o n t a i n m e n t , Preservation a n d H o l d i n g T i m e s
5.2.1 S a m p l e s w i l l be p l a c e d in containers c o m p a t i b l e with the a n a l y t i c a l request and labora t ory

requirements. S o i l s a m p l e s co l l e c t ed for metal s ana ly s i s by XRF will be c o l l e c t ed in
p l a s t i c , s c a l a b l e bags. Soi l s a m p l e s c o l l e c t e d for metal s analys i s a t an o f f - s i t e l abora tory
may be c o l l e c t e d in p l a s t i c , s c a l a b l e bags or in g l a s s j ar s . Dust s a m p l e f i l ter car tr idge s for
meta l s ana ly s i s w i l l be p l a c e d in p l a s t i c , s c a lab l e bags. S e a l e d p l a s t i c bags will be
checked to v e r i f y c o m p l e t e closure of the seal.

5.2.2 S o i l and dus t s ampl e s will not require any preservat ion. S a m p l e s should be handl ed and
stored to m a i n t a i n i n t e g r i t y and prevent damage to the container.

5.2.3 Soil and dust s a m p l e s submi t t ed for ana ly s i s by ICP Method 6010 will have a maximum
h o l d i n g time f or a n a l y s i s o f 6 months f o l l o w i n g s a m p l e c o l l e c t i o n .

5.3 S a m p l e P a c k a g i n g and S h i p p i n g Procedures
5.3.1 S a m p l e s w i l l be packaged so as to minimize the p o s s i b i l i t y of container breakage, and to

prov id e conta inment in the event of container breakage or l e a k i n g . Any s a m p l e s in g l a s s
containers for o f f - s i t e s h ipment w i l l be p a c k a g e d using b u b b l e wrap or equivalent p a c k i n g
material s .

5.3.2 All s a m p l e s s h i p p e d to an o f f - s i t e labora tory wi l l be contained in a p l a s t i c cooler with
p a c k i n g mater ia l , if necessary, to prevent excessive a g i t a t i o n of the contents.
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5.3.3 A no ta t i on w i l l be made in the "Received By" b lo ck on the COC f o r m that a cooler was

s ealed for sh ipment via the carrier. One copy of the COC f o r m w i l l be r e ta in, and the
c o m p l e t e d f o r m w i l l be v er i f i ed aga in s t the cooler cont ent s , p la c ed in a s e a l a b l e bag, and
t a p e d to the in s ide top of the cooler.

5.3.4 All coolers w i l l be s e cure ly taped c l o s e d , sealed with a minimum of two s igned c u s t o d y
seals and l a b e l e d with a c o m p l e t e d air bill pr i or to s h i p m e n t .

5.3.5 S a m p l e s that are i d e n t i f i e d as p o s s i b l e dangerou s goods w i l l be s h i p p e d in accordance
with a p p r o p r i a t e DOT r e g u l a t i o n s f o r hazardou s ma t e r ia l s .

6 . 0 A T T A C H M E N T S

A t t a c h m e n t 1 - E x a m p l e C h a i n of C u s t o d y F o r m

^4994\sop\coc_0.wpd



A T T A C H M E N T 1

(Example Chain of Cus tody F o r m )



) M O R R I S O N K N U D S E N CORPORATION C H A I N O F C U S T O D Y RECORD 720 Park Blvd.. P.O E3ox 73
Boisn. I d a h o 83729
( P O O ) 386-5000

' r o ) o c t N o . : P r o / e c t N a m e :

S a m p l e r s : ( S i g n a t u r e )
S a m p l e r : ( P r i n t )

S a m p l eT y p e S a m p l i n g PointD e s c r i p t i o n S a m p l eDate T i m e S a m p l eI . D . N u m b e r

S p l i tample s
A n a l y s i s Required

R e l i n q u i s h e d By: ( S i g n a t u r e )
C o m p a n y :

D a t e / T i m e
Rel inqu i sh ed By: ( S i g n a t u r e )
Company:

D a t e / T i m e
R e l i n q u i s h e d B y : ( S i g n a t u r e )
C o m p a n y :

D a t e / T i m e

Received By: ( S i g n a t u r e )
C o m p a n y :

R e l i n q u i s h e d By: ( S i g n a t u r e )
C o m p a n y :

Received By: ( S i g n a t u r e )
Company:

Relinquished By: ( S i g n a t u r e )
Company:

Received By: ( S i g n a t u r e )
C o m p a n y :

Received (or L a b o r a t o r y By: ( S i g n a t u r e )
C o m p a n y :

Daterrirne Received By: ( S i g n a t u r e )
C o m p a n y :

D a t e / T i m e Received By: ( S i g n a t u r e )
Company:

D a t e / T i m e T o t a l N o . S a m p l e s T h i s S h i p p i n g C o n t a i n e r .
C o m p a n y :

R e l i n q u i s h e d By: ( S i g n a t u r e )
Company:

D a t e / T i m e Received By: ( S i g n a t u r e )
Company:

Relinqui shed By: ( S i g n a t u r e )
Comnany:

D a t e / T i m e Received By: ( S i g n a t u r e ) '
Comoany:
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S O P : F I E L D D O C U M E N T A T I O N
1.0 P U R P O S E

The p u r p o s e o f th i s S t a n d a r d Opera t ing Procedure (SOP) i s t o p rov id e ins truct ions for m a i n t a i n i n g
f i e l d d o c u m e n t a t i o n f o r Vasquez B o u l e v a r d / l - 7 0 f i e l d inve s t iga t i on s .

2.0 S C O P E

T h i s proc edure covers l o g s and d a t a sheets main ta ined by the s a m p l i n g per sonnel .

3 . 0 R E S P O N S I B I L I T I E S

T h e S a m p l e Lead w i l l b e r e s p o n s i b l e f o r m a i n t a i n i n g t h e s a m p l e do cumen ta t i on d u r i n g s a m p l i n g
ac t i v i t i e s and p r o v i d i n g the d o c u m e n t a t i o n to the Fie ld S u p e r v i s o r .

T h e F i e l d S u p e r v i s o r w i l l b e r e s p o n s i b l e f o r receiving, reviewing, m a i n t a i n i n g t h e s a m p l e
d o c u m e n t a t i o n records. H e / S h e also wi l l train the s a m p l i n g personnel to the requirements of th i s
procedure. The Field S u p e r v i s o r w i l l retain copies o f the records and forward o r i g i n a l document s
to the S i t e Manager .

The S i t e M a n a g e r w i l l ensure that records are mainta ined and f i l e d p r o p e r l y and that al l per sonnel
are trained to th i s procedure.
4.0 REQUIREMENTS

Field do cumenta t i on consist s of f i e l d data sheets, f i e l d l ogbook s , and cal ibrat ion log s . A hard
bound l o g b o o k w i l l be used by each s a m p l e crew. I n f o r m a t i o n recorded in the hard bound
l o g b o o k may be s u p p l e m e n t e d by loose l e a f d a t a shee t s , in accordance with the f o l l o w i n g
procedure s:

Pre-number p a g e s and anno ta t e any unused page s . Make entries as events occur
t h r o u g h o u t the day's a c t iv i t i e s . Use b lack permanent ink pens. Do not use white-out or
erase; rather, l in e out, i n i t i a l and da t e any errors.
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Log entries us ing a 24-hour system.

Report op era t i ona l i n f o r m a t i o n :
» Progre s s
>• Locat ion
> S i t e C o n d i t i o n s
> S i t e S k e t c h
>• Workers in a t t endance
> Any u n p l a n n e d events or deviat ion from the p r o j e c t procedures
»• Communi ca t i on s with n o n - M K or subcontractor personnel

Field document s c on s t i t u t e l e g a l document s . All entries s h o u l d b e f a c t u a l and o b j e c t i v e ,
and without personal f e e l i n g s or op in i on s . Entries re lated to any concerns, errors made,
or omiss ions are l e g i t i m a t e entries.
Each p a g e must be numbered, in i t ia l ed and da t ed .

Page s or p o r t i o n s of p a g e s not used s h o u l d be l i n e d out and i n i t i a l e d / d a t e d .

In the event that f i e l d i n s t r u m e n t a t i o n i s required, thi s equipment wi l l be ca l i bra t ed
accord ing to m a n u f a c t u r e ' s ins truct ions . Cal i b ra t i on records and ins trument i d e n t i f i c a t i o n
w i l l be documented in the f i e l d l ogbook s or c a l i b r a t i o n l og s for each s a m p l e team.
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D E C O N T A M I N A T I O N
1.0 P U R P O S E

The p u r p o s e o f t h i s S t a n d a r d O p e r a t i n g Procedure ( S O P ) i s t o prov id e i n s t r u c t i o n s f or
d e c o n t a m i n a t i o n of s a m p l i n g equ ipment and f i e l d p e r s onne l . Decontaminat i on i s necessary to
protect per sonnel and to minimize the p o t e n t i a l for cros s-contaminat ion of s a m p l e s . T h i s
p r o c e d u r e is to be used by MK e m p l o y e e s a s s i g n e d to the V a s q u e z B o u l e v a r d / l - 7 0 p r o j e c t and
t h e i r s ub c on tra c t or s .

2.0 S C O P E

T h i s p r o c e d u r e covers a c t i v i t i e s a s s o c ia t ed wi th d e c o n t a m i n a t i o n o f s a m p l e e q u i p m e n t a n d
p e r s o n n e l . A d d i t i o n a l r equ ir ement s f o r p e r s o n n e l d e c o n t a m i n a t i o n m a y b e s p e c i f i e d i n t h e S i t e
H e a l t h a n d S a f e t y P l a n .

3 . 0 R E S P O N S I B I L I T I E S

A l l F i e l d Personnel w i l l b e r e s p o n s i b l e f o r p e r f o r m i n g personal a n d e q u i p m e n t d e c o n t a m i n a t i o n
a f t e r s a m p l i n g at each l o c a t i o n and at the end of the day in accordance with these proc edure s .

T h e F i e l d S u p e r v i s o r w i l l b e r e s p o n s i b l e f o r t r a i n i n g f i e l d p e r s o n n e l i n a p p r o p r i a t e
d e c o n t a m i n a t i o n p r o c e d u r e s a s we l l a s v e r i f y i n g i m p l e m e n t a t i o n o f t h i s p r o c e d u r e t h r o u g h
s u r v e i l l a n c e .

T h e S i t e M a n a g e r w i l l b e r e s p o n s i b l e f o r e n s u r i n g tha t a l l p e r s o n n e l a r e t r a i n e d t o t h i s p ro c edur e .

4 .0 DECONTAMINATION

4.1 Personnel wi l l remove d i s p o s a b l e g love s f o l l o w i n g c o l l e c t i o n of each s a m p l e . G l o v e s w i l l
c o n t a i n e d in a p l a s t i c bag and d i s p o s e d a s m u n i c i p a l waste. All p e r s o n n e l and c l o t h i n g w i l l
be i n s p e c t e d f o l l o w i n g s a m p l e c o l l e c t i o n a t each p r o p e r t y a n d , i f necessary,
d e c o n t a m i n a t e d to remove any p o t e n t i a l h a r m f u l s ub s tanc e s tha t may have a d h e r e d to
them. D i s p o s a b l e , pr e-mo i s t ened wipe s w i l l b e a v a i l a b l e f o r p e r s o n n e l t o wash t h e i r f a c e
and h a n d s .
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D E C O N T A M I N A T I O N
4.2 The equ ipment used for s a m p l i n g , i n c l u d i n g hand augers, sieves, bowls and t rowe l s , w i l l

be d e c on tamina t ed between s a m p l e s c o l l e c t ed for s eparate compos i t e s , between s a m p l e s
co l l e c t ed for discrete s a m p l i n g and ana ly s i s , and f o l l o w i n g the last s a m p l e c o l l e c t i o n d a i l y .
S a m p l i n g equ ipment w i l l b e d e c on tamina t ed by the f o l l o w i n g procedure:

E q u i p m e n t w i l l be d e c on tamina t ed i m m e d i a t e l y f o l l o w i n g s a m p l e c o l l e c t i o n at the
l o c a t i o n / p r o p e r t y f r om which the s a m p l e was c o l l e c t ed

• E q u i p m e n t will be washed with a low- or n o n - p h o s p h a t e de t ergent and tap water
us ing a brush as necessary
E q u i p m e n t w i l l be t r i p l e rinsed with deionized water
After d e c o n t a m i n a t i o n , equipment and t o o l s wi l l be pro t e c t ed by p l a c i n g them in
clean containers and tak ing care not to a l l ow contact with s u r f a c e s o i l s

4.3 Decontaminat i on rinsate wi l l be d i s p o s e d in accordance with the T e c h n i c a l S t a n d a r d
O p e r a t i n g Procedure f or I n v e s t i g a t i o n Derived W a s t e M a n a g e m e n t .

tn4994 \sop\coc_0.wpd



T E C H N I C A L S T A N D A R D O P E R A T I N G P R O C E D U R E
- D R A F T - -

Date:_June 18, 1999_(Rev. #0)__ SOP No.

T i t l e : I N V E S T I G A T I O N D E R I V E D W A S T E M A N A G E M E N T

A P P R O V A L S :
Author: Date

SYNOPSIS: The purpo s e o f th i s S t a n d a r d O p e r a t i n g Procedure (SOP) i s t o describe th e me thod sthat w i l l be used by MK personnel assigned to the VBI70 pro j e c t and their subcontractors tomanage inve s t i ga t i on derived wastes (IDW). (Prepared by MK)

Received by QA Unit:
R E V I E W S :
T E A M M E M B E R S I G N A T U R E / T I T L E D A T E
EPA Region 8 _______

T e c h n i c a l S t a n d a r d O p e r a t i n g Procedure S O P N O : _ _Morrison K n u d s e n Revision No._0_Date: 6/99



E R A R E G I O N V I I I
R E S P O N S E A C T I O N C O N T R A C T

E F F E C T I V E D A T E :
D R A F T 6 / 1 8 / 9 9
R E V I S I O N : 0 P A G E : 1

T E C H N I C A L S T A N D A R D O P E R A T I O N P R O C E D U R E
I N V E S T I G A T I O N D E R I V E D W A S T E M A N A G E M E N T

M A N A G E M E N T A P P R O V A L

S I T E M A N A G E R D A T E

P R O G R A M M A N A G E R D A T E

REV. D A T E R E V I S I O N D E S C R I P T I O N

O R I G I N A T O R : Marta V a l e n t i n e

, j4994\1004\sop_idw\.wpd



/ W Q E R A R E G I O N V I I I
\jLg7 R E S P O N S E A C T I O N C O N T R A C T

S O P :

N U M B E R :
REVISION: 0 P A G E : 2 OF 5

I N V E S T I G A T I O N D E R I V E D W A S T E M A N A G E M E N T

1.0 P U R P O S E
The p u r p o s e of th i s procedure is to describe the methods that w i l l be used by Morri son K n u d s e npersonnel a s s igned to the V B / l - 7 0 p r o j e c t and the i r subcontractors to manage i n v e s t i g a t i o n
derived wastes ( I D W ) .
2.0 S C O P E
T h i s procedure covers management o f a l l IDW, i n c l u d i n g t ra sh , s o i l s , water, and personal
p r o t e c t i v e e q u i p m e n t ( P P E ) . M a n a g e m e n t procedure s i n c l u d e waste c o l l e c t i o n , s e g r e g a t i o n ,charac t er izat ion, s t orage , s h i p p i n g and d i s p o s a l , as a p p r o p r i a t e for each waste stream.
3.0 R E F E R E N C E S
M a n a g e m e n t o f I n v e s t i g a t i o n - D e r i v e d Was t e s During S i t e I n s p e c t i o n s , E P A / 5 4 O / G - 9 1 / 0 0 9
Code of F e d e r a l R e g u l a t i o n s , C h a p t e r 50, Parts 262 and 265.
4 . 0 D E F I N I T I O N S

DOT: Depar tmen t o f T r a n s p o r a t i o nI D W : I n v e s t i g a t i o n Derived W a s t eP P E : Per sona l P r o t e c t i o n E q u i p m e n t
5 . 0 R E S P O N S I B I L I T I E S
All Fie ld Personnel w i l l b e r e s p o n s i b l e f or m a n a g i n g IDW in accordance with th i s procedure.
The Fie ld S u p e r v i s o r w i l l b e r e s p o n s i b l e f or t r a i n i n g f i e l d personnel t o th e requirements o f t h i sp l a n , v e r i f y i n g i t s i m p l e m e n t a t i o n , and genera t ing and m a i n t a i n i n g required records.
The S i t e M a n a g e r w i l l be r e s p o n s i b l e for ensuring that per sonnel are p r o p e r l y trained andp r o v i d i n g gu idanc e for any spec ia l circumstances that may arise.

6.0 EQUIPMENT
• DOT c o m p l i a n t containers as s p e c i f i e d in 40 CFR 265 S u b p a r t I.N o n - h a z a r d o u s (and i f necessary H a z a r d o u s ) Was t e L a b e l s• S p i l l Con tro l M a t e r i a l s

n:\4994\1004\ sop_idw\ .wpd
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7.0 REQUIREMENTS
7.1 General

All IDWwill be managed in accordance with f e d e r a l , s tate, and local rules and r e g u l a t i o n s .Per sonne l r e s p o n s i b l e f o r waste l a b e l i n g , i n s p e c t i n g , p r o f i l i n g , m a n i f e s t i n g , a n dt r a n s p o r t a t i o n p r e p a r a t i o n will be trained per 29 CFR 1910.120 and 49 CFR 172.704.

7.2 Wast e T y p e sWaste streams a n t i c i p a t e d to be generated dur ing the work ac t iv i t i e s i n c l u d e :Large f r a c t i o n s o i l s and vege ta t i onF i n e f r a c t i o n prepared and analyzed soilD i s p o s a b l e g l o v e s a n d other p er sonal p r o t e c t i o n e q u i p m e n t ( P P E )• D e c o n t a m i n a t i o n rinsate generated at r e s i d e n t i a l p r o p e r t i e sDecon tamina t i on rinsate generated at the f i e ld o f f i c e / l a b o r a t o r yT r a s h

7.2.1 Large F r a c t i o n S o i l s and V e g e t a t i o n - The large f r a c t i o n soi l s and vege ta t ion will bes e p a r a t e d f r o m t h e f i n e f r a c t i o n s o i l s d u r i n g s a m p l e p r e p a r a t i o n a n d s i ev ing proc edure s .Large f r a c t i o n so i l s or v ege ta t i on , i n c l u d i n g sod, generated at i n d i v i d u a l r e s i d e n t i a lp r o p e r t i e s s h o u l d be left at the p r o p e r t y in the v i c in i ty of the s a m p l e l o c a t i o n ( s ) . Largef r a c t i o n s o i l s or vege ta t ion generated d u r i n g s a m p l e p r e p a r a t i o n at the f i e l do f f i c e / l a b o r a t o r y w i l l be contained and stored in drums p e n d i n g p r o f i l i n g and d i s p o s a l asdescribed below.
7.2.2 F i n e F r a c t i o n Prepared and A n a l y z e d Soi l - F i n e f r a c t i o n s o i l s wi l l b e g enera t ed at the f i e l do f f i c e / l a b o r a t o r y by the s a m p l e p r e p a r a t i o n process. Any por t i on of the prepared s o i l s t ha tare not archived will be contained and stored in drums p e n d i n g p r o f i l i n g and d i s p o s a l as

described below.
7.2.3 D i s p o s a b l e G l o v e s and PPE - D i s p o s a b l e PPE i n c l u d i n g g l ove s w i l l be d o u b l e bagged andd i s p o s e d a l o n g with trash at a m u n i c i p a l landfil l . Glove s that are g r o s s l y i m p a c t e d by s o i l swil l be d e contaminat ed prior to d i s p o s a l .
7.2.4 D e c o n t a m i n a t i o n Rinsate Generat ed at R e s i d e n t i a l P r o p e r t i e s - Rinsat e generated ati n d i v i d u a l p r o p e r t i e s f r om equ ipment or personnel d e c o n t a m i n a t i o n wi l l be d i spo s ed on thep r o p e r t y at which the equipment was u s ed , pr ior to l eav ing that p r o p e r t y .
7.2.5 D e c o n t a m i n a t i o n Rinsate Generated at Field O f f i c e / L a b o r a t o r y - Rinsat e generated at the

f i e l d o f f i c e / l a b o r a t o r y f r om e q u i p m e n t or per sonnel d e con tamina t i on w i l l be contained andstored in drums p e n d i n g p r o f i l i n g and d i s p o s a l as described below.

\4994\1004\sop_idw\. wpd
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7.2.6 T r a s h - All trash generated d u r i n g the p r o j e c t w i l l be contained in p l a s t i c trash bags forp i c k - u p and d i s p o s a l by a m u n i c i p a l trash management c o m p a n y ; u n a u t h o r i z e d d i s p o s a lof trash in trash r e c e p t i c a l s that service C i t y of Denver re s ident s and businesses w i l l notbe p e r m i t t e d .

7.3 C o n t a i n e d Wast e
7.3.1 C o n t a i n e r s - S o i l s and d e c o n t a m i n a t i o n r in sa t e waste generat ed at the f i e ldo f f i c e / l a b o r a t o r y wi l l be contained in D O T - c o m p l i a n t drums in accordance with 40 CFR 265Part I . T r a s h a n d P P E contained outdoors w i l l b e p l a c e d i n a closed p l a s t i c trashr e c e p t i c a l to prevent d i s t u r b a n c e by a n i m a l s and d i s p e r s i o n by wind.
7.3.2 L a b e l i n g - All drummed IDW w i l l be l a b e l e d as to its content s , source of material and thedate on which waste ac cumulat ion begins. N o n - h a z a r d o u s waste l a b e l s w i l l be used if

a p p r o p r i a t e . A d d i t i o n a l l a b e l i n g r equirement s s p e c i f i e d in 40 CFR 262 and 265 S u b p a r tI w i l l be p e r f o r m e d for waste that it de t ermined to meet the criteria of a RCRA H a z a r d o u sWaste .
7.3.3 S t o r a g e - All d r u m m e d IDW will be stored in a d e s i g n a t e d area and in a manner t h a tminimizes the p o t e n t i a l for container damage or personnel i n j u r y . N o n - h a z a r d o u s wastew i l l be s egregated f rom waste that is de termined to meet the criteria of a RCRA H a z a r d o u sWast e . As a p r o t e c t i v e measure, h a z a r d o u s waste w i l l be stored in a secure ( f e n c e d ) ,l i n e d , bermed area, and w i l l be s ub j e c t to week ly i n s p e c t i o n s in accordance with 40 CFR262. W a t e r a c c u m u l a t i n g in the l in ed s torage area a f t e r a p r e c i p i t a t i o n event w i l l be

removed and contained with the non-hazardous rinsate waste.
7.3.4 Profi l ing - All drummed IDW w i l l be p r o f i l e d us ing k n o w l e d g e of the material a n d / o ra n a l y t i c a l data. Prof i l e f orms w i l l b e c o m p l e t e d and s u b m i t t e d to the a p p r o p r i a t e d i s p o s a lf a c i l i t y as the basis of waste acceptance .
7.3.5 T r a n s p o r a t i o n and Dispo sa l - Drummed IDW w i l l be t r a n s p o r t e d and d i s p o s e d byt ran spor t e r s and f a c i l i t i e s p ermi t t ed to manage the p r o f i l e d waste. All non-hazardouswaste w i l l be managed as i n d u s t r i a l or sp e c ia l waste , and s h i p p e d under a non-hazardou swaste bi l l o f l a d i n g . H a z a r d o u s waste w i l l be s h i p p e d to an E P A - a p p r o v e d RCRA S u b t i t l eC f a c i l i t y under a RCRA U n i f o r m H a z a r d o u s Was t e M a n i f e s t , i d e n t i f i e d with the EPAGenera tor ID, and in accordance with a l l DOT requirements f or s h i p p i n g hazardou smat er ia l s . A DOT H a z a r d o u s M a t e r i a l R e g i s t r a t i o n must be provided by the t r a n s p o r t e rand accompany each hazardous mater ial s h i p m e n t . D i s p o s a l c e r t i f i c a t i o n w i l l be obtainedfrom the RCRA S u b t i t l e C f a c i l i t y .

_i4S94\1004 \ s o p _ i d w V w p d
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7.4 IDW LogA waste log wil l be d e v e l o p e d and m a i n t a i n e d to document the f o l l o w i n g i n f o r m a t i o n :

Descr ip t i on of waste generated (e.g. s o i l s , water)C l a s s i f i c a t i o n of wastes (non-hazardou s , hazardou s , etc.) i n c l u d i n g EPA code as
a p p l i c a b l eQuant i t i e s of waste generatedT y p e o f waste s torage containerDates of waste genera t i on• M a n i f e s t / B i l l o f L a d i n g N u m b e r s

8.0 RECORDS
W a s t e LogW a s t e P r o f i l e sN o n - H a z a r d o u s Waste M a n i f e s t / B i l l o f L a d i n gRCRA U n i f o r m H a z a r d o u s W a s t e M a n i f e s t , i f neededH a z a r d o u s W a s t e D i s p o s a l C e r t i f i c a t i o n , i f needed
DOT H a z a r d o u s M a t e r i a l R e g i s t r a t i o n , i f needed

T:\4994\1004 \ s o p _ i d w V w p d
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1.0 P U R P O S E

The p u r p o s e o f t h i s procedure i s t o prov ide in s t ru c t i on s t o Morr i s on K n u d s e n (MX) per sonne l
as s igned to the V B / l - 7 0 p r o j e c t and the i r subcontractors on the p r o p e r XRF o p e r a t i o n p r o t o c o l .

2.0 S C O P E

T h i s procedure covers ac t iv i t i e s associated with intrus ive s a m p l e a n a l y s i s by u t i l i z i n g an energy
d i sp er s iv e X-ray f l u o r e s c e n c e spe c trometry method ( E D X R F ) . T h e procedure d e t a i l s opera t i on
of the K e v e x S p e c t r a c e QuanX in s t rument , which is a f i e l d p o r t a b l e , but not hand h e l d , XRF.
3.0 R E F E R E N C E S

S p e c t r a c e , QuanX O p e r a t i o n M a n u a l , Current Revision

H a r d i n g , S o i l A n a l y s i s A p p l i c a t i o n R e p o r t , L o w C o n c e n t r a t i o n S o i l C o n t a m i n a n t C h a r a c t e r i z a t i o n
U s i n g E D X R F A n a l y s i s

M e t h o d 6200: Fie ld P o r t a b l e X-Ray F l u o r e s c e n c e S p e c t r o m e t r y f or th e Determinat ion o f
E l e m e n t a l C o n c e n t r a t i o n s in Soi l and S e d i m e n t

4 . 0 D E F I N I T I O N S
E D X R F : Energy Disper s iv e X - r a y F l u o r e s c e n c e S p e c t r o m e t e r / S p e c t r o m e t r y
N I S T : N a t i o n a l I n s t i t u t e o f S t a n d a r d s a n d T e c h n o l o g y
p p m : Parts p e r m i l l i o n
S R M : S t a n d a r d Reference Mater ia l
Q u a n X : S p e c t r a c e Brand N a m e for 6000 Serie s EDXRF

5 . 0 R E S P O N S I B I L I T I E S

f : \ 4 9 9 4 \ 1 0 0 4 \ s o p _ x r f . w p d
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X R F I N S T R U M E N T O P E R A T I O N
The Fie ld Analys t /XRF Operator i s r e s p o n s i b l e f or o p e r a t i o n and maintenance o f th e QuanX
EDXRF and d a t a management in accordance with t h i s p ro c edur e .

T h e F i e l d S u p e r v i s o r i s r e s p o n s i b l e f o r t r a i n i n g t h e F i e l d A n a l y s t ( s ) o n t h e r equ ir ement s o f t h i s
procedure , and for p r o v i d i n g over s ight and ass i s tance as necessary to ensure c o m p l i a n c e with
t h i s proc edure .

T h e P r o j e c t C h e m i s t i s r e s p o n s i b l e f o r r ev i ewing i n s t r u m e n t o u t p u t a n d q u a l i t y control records
to c o n f i r m p r o p e r i m p l e m e n t a t i o n of the q u a l i t y control requirements.

T h e S i t e H e a l t h a n d S a f e t y O f f i c e r i s r e s p o n s i b l e f o r v e r i f y i n g t h e u s e o f s a f e labora tory
p r a c t i c e s t h r o u g h o u t i m p l e m e n t a t i o n o f t h i s proc edure .

T h e S i t e M a n a g e r i s r e s p o n s i b l e f o r e n s u r i n g tha t t h e F i e l d A n a l y s t receives p r o p e r t r a i n i n g a n d
t ha t p r o p e r equ ipmen t and resources are a v a i l a b l e as needed to s a f e l y operate the ins trument
a n d t o g enera t e h i g h q u a l i t y da ta .

6 . 0 E Q U I P M E N T

QuanX E D X R F , E C D M o d e ! , e q u i p p e d w i th s p e c t r o m e t e r , c o n t r o l / p u l s e p r o c e s s i n g
e l e c t roni c s , and data processor

• 2 0 - p o s i t i o n s a m p l e tray
C F R 1 5 0 0 U n i n t e r r u p t e d Power S u p p l y , 100-120/200-240 V A C , 5 / 2 . 5 A , 50/60 H z , s i n g l e
pha s e , 500 watts (1000 watt t o ta l power source to s u p p o r t da ta proce s sor)
3000 LE S e r i e s p r i n t e r

7.0 REQUIREMENTS

7.1 G e n e r a l
A s p e c i f i c area wi th in the f i e l d o f f i c e w i l l be d e s i g n a t e d as l abora t ory space for s a m p l e
p r e p a r a t i o n and s a m p l e a n a l y s i s u s i n g EDXRF. The QuanX must b e e q u i p p e d wi th an

f : \4994\1004\ s op_xr f . wpd
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u n i n t e r r u p t e d power source, which would prov id e pro t e c t i on agains t power surges and
a l l o w cont inuous opera t i on in the event of a power f a i l u r e .

f : \ 4 9 9 4 \ 1 0 0 4 \ s o p _ x r f . w p d
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7.2 M a i n t e n a n c e

M a i n t e n a n c e w i l l b e p e r f o r m e d a s s p e c i f i e d in t h e O p e r a t i o n s M a n u a l , i n c l u d i n g :
D a i l y Energy C a l i b r a t i o n a n d C a l i b r a t i o n V e r i f i c a t i o n
W e e k l y F a s t D i s c r i m i n a t o r Check , L o g S y s t e m S t a t u s V a l u e s
S e m i - a n n u a l I n t e r l o c k T e s t a n d R a d i a t i o n S u r v e y

Any maintenance p e r f o r m e d on the i n s t r u m e n t a t i o n w i l l be documented in a maintenance
l o g . Addi t i ona l ly , i n s t r u m e n t c l e a n i n g w i l l b e p e r f o r m e d u s i n g a hand h e ld can i s t e r o f
c ompre s s ed a ir t o c l ear d u s t f r o m the i n s t r u m e n t and d a t a proce s sor , in a d d i t i o n t o w i p i n g
with a c lean c l o t h .

7.3 I n s t r u m e n t Log
A hardbound in s trument log book w i l l be used to record the d a i l y instrument op era t i on s .
The i n s t r u m e n t l og w i l l b e m a i n t a i n e d in accordance w i t h t h e r equ ir ement s o f t h e T e c h n i c a l
S t a n d a r d O p e r a t i n g Procedure f o r F i e l d Documenta t i on .

7.4 Q u a l i t y C o n t r o l P r o c e d u r e s
7.4.1 Date Check - Check the system date each day b e f o r e use by t y p i n g c:\quanx\confirm>

D A T E . I f t h e sys t em d a t e d i s p l a y e d i n incorrec t , t y p e t h e correct d a t e u s i n g t h e M M - D D - Y Y
f o r m a t .

7.4.2 E n e r g y C a l i b r a t i o n - The energy c a l i b r a t i o n i s a s o f t w a r e f u n c t i o n tha t c a l i b r a t e s th e
s p e c t r ome t e r e l e c troni c s to assure the accuracy of the energy scale. An energy
c a l i b r a t i o n w i l l be p e r f o r m e d d a i l y p r i o r to use in accordance with the o p e r a t i o n s manual
( A t t a c h m e n t A). If an error message a p p e a r s , exit t h e program by p r e s s i n g th e F10 key.
If the error reads" ACQ A b o r t e d : S t a b i l i z e r Lost Zero Peak," upon e x i t ing i t w i l l a sk whether
t o "Save V a l u e o f G a i n DAC." T y p e N f o r N O . W i t h i n t h e P r o c e d u r e M e n u , f o l l o w the s e
s t ep s:
1. Press the F7 key again to start the en ergy c a l i b r a t i o n , pause for a p p r o x i m a t e l y 20

s e conds and press the space bar to start the program. Repea t t h i s p ro c edur e if no
response is received.

2. If the f i r s t p r o c e d u r e does n e t w o r k , exit the p r o g r a m by p r e s s i n g the £10 key. T y p e
c:\quanx\confirm> cd and press Enter, repeat to ob tain the c: p r o m p t . T u r n the unit

f : \ 4 9 9 4 \ 1 0 0 4 \ s o p _ x r f . wpd
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off, then on and wait a p p r o x i m a t e l y one minute. T y p e cd quanx press Enter, then cd
c o n f i r m and press Enter. T y p e Quanx to reach the Procedure Menu. Press the FT key
and pau s e , then press the space bar to start the program.

7.4.3 Initial C a l i b r a t i o n V e r i f i c a t i o n - MK wil l u t i l i z e a F u n d a m e n t a l Parameter method to check
t h e ins trument c a l i b r a t i o n using th e f o l l o w i n g three s tandard reference mat e r ia l s (SRM),
or equ iva l en t:

SRM 2709 San J o a q u i n S o i l (Base l ine Trace Element Concen tra t i on s)
S R M 2710 M o n t a n a S o i l ( H i g h l y Eleva t ed Trace Element C o n c e n t r a t i o n s )
S R M 2711 M o n t a n a S o i l ( M o d e r a t e l y Elevated Trace Element C o n c e n t r a t i o n s )

O n f y SRM that have been c e r t i f i e d by the N a t i o n a l I n s t i t u t e o f S t a n d a r d and T e c h n o l o g y
s h a l l be u t i l i z e d , and all c e r t i f i c a t i o n s s h a l l be reviewed and m a i n t a i n e d . The i n i t i a l
c a l i b r a t i o n v e r i f i c a t i o n check w i l l be p e r f o r m e d by a n a l y z i n g the three s t a n d a r d s each day,
s i m u l t a n e o u s l y , f o l l o w i n g the energy ca l i bra t i on and pr ior to ana ly s i s of environmental
s a m p l e s . Resul t s will b e compared against the NIST ac c ep tab l e concentration ranges.
If one or more concentrat ions fa l l o u t s i d e o f th e a c c e p t a b l e concentration ranges, th e SRM
will be re-analyzed. If the re sul t s remain ou t s i d e of the a c c e p t a b l e concentration ranges
f o l l o w i n g three runs, the T r o u b l e s h o o t i n g Procedures, i n c l u d i n g a s t a n d a r d i z a t i o n test i f
necessary, wi l l be p e r f o r m e d as s p e c i f i e d in the Opera t i on s M a n u a l . Prior to p r o c e e d i n g
to the s t a n d a r d i z a t i o n test , the f o l l o w i n g procedures may be p e r f o r m e d :

T u r n the s a m p l e cup with mylar f a c i n g up and tap the container to loosen the soil
f r o m the mylar. S h a k e the s a m p l e f r o m s ide to s ide and turn back over with mylar
f a c i n g down, tap on p a p e r towel and p lac e in tray for re-analysi s; or
Replac e the mylar.

Environmental s a m p l e s wi l l not be analyzed without v e r i f y i n g a c c e p t a b l e ins trument
c a l i b r a t i o n .

7.4.4 S t a n d a r d i z a t i o n T e s t - If the calibration cannot be achieved f o l l o w i n g the T r o u b l e s h o o t i n g
Procedure s , the instrument w i l l be r e- s tandardized . F r o m the Procedure M e n u , select
"SOIL STANDARDS 6+7". Press the F1 key and the program wil l p rompt you to p l a c e each
SRM in a d e s i g n a t e d po s i t i on . Press the space bar to start the program. The p r i n t o u t f r om

f:\4994\1004 \ sop_xrf . wpd
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th i s test w i l l be retained and noted in the instrument log; however, the s t a n d a r d i z a t i o n test
r e s u l t s wi l l need to be removed f r o m the d o w n l o a d e d e l e c t r o n i c d a t a .

7.4.5 C o n t i n u i n g C a l i b r a t i o n V e r i f i c a t i o n - One SRM w i l l b e i n c l u d e d wi th the environmental
s a m p l e s f o r every s a m p l e r u n . T h e S R M result w i l l b e v e r i f i e d a g a i n s t t h e N I S T a c c e p t a b l e
concentrat ion range between each run. If the result fa l l s ou t s id e o f the a c c e p t a b l e range,
t r o u b l e s h o o t i n g w i l l be p e r f o r m e d as de scribed in 7.4.3 and 7.4.4, and the s a m p l e s
ana lyzed with that s t andard w i l l be re-analyzed.

7.4.6 B l a n k S a m p l e - M e t h o d b l a n k s w i l l be pr epared and analyzed u s ing clean s i l i c a sand or
other mater ia l s p e c i f i e d in M e t h o d 6200. A method b l a n k w i l l be run at least d a i l y to
m o n i t o r f or c o n t a m i n a t i o n tha t may have been i n t r o d u c e d t h r o u g h th e s a m p l e p r e p a r a t i o n .
The me thod b l a n k i s s u b j e c t to the same p r e p a r a t i o n pro c edure s as the e n v i r o n m e n t a l
s a m p l e s . Detec t ions in the method b l a n k w i l l require that the p r o b l e m be i d e n t i f i e d and
corrected. S a m p l e s analyzed with a b l a n k c o n t a i n i n g de t e c t ed e l ement s must be re-
ana lyz ed .

7.4.7 P e r f o r m a n c e E v a l u a t i o n S a m p l e s - Per formance eva lua t i on s a m p l e s may be analyzed to
assess system per f o rmanc e . All p e r f o r m a n c e eva lua t i on s a m p l e s w i l l b e i d e n t i f i e d and
packaged in the same manner as environmental s a m p l e s and submit t ed b l i n d to the
a n a l y s t .

7 . 4 . 8 D e t e c t i o n L i m i t s - T h e A R H a r d i n g S o i l A n a l y s i s A p p l i c a t i o n Report ( a t t a c h e d ) p r e s e n t s t h e
lower l ev e l s of d e t e c t i o n a p p l i c a b l e to the QuanX E D X R F ( S p e c t r a c e 6000) equal to 12
ppm for arsenic and 7 ppm for l ead. A de t e c t i on l i m i t s t u d y w i l l be p e r f o r m e d as described
in M e t h o d 6200 to c o n f i r m i n s t r u m e n t - s p e c i f i c s e n s i t i v i t y on s i t e - s p e c i f i c s o i l . Ten r e p l i c a t e
ana ly s i s w i l l be p e r f o r m e d on a low-concentrat ion s i t e - s p e c i f i c soil s a m p l e with arsenic and
lead concentrat ion between 2 and 5 times the expected method de t e c t ion l i m i t (As: 24 -
60 ppm, Pb: 14 - 35 ppm). The method d e t e c t i o n l i m i t will be d e f i n e d as 3 t imes the
s t andard d e v i a t i o n o f the r e p l i c a t e a n a l y s i s r e su l t s .

7 .5 S a m p l e A n a l y s i s Procedure s
f : \4994\1004\ sop_xr f .wpd
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7.5.1 I n s p e c t pr epared s a m p l e s to v e r i f y c o n d i t i o n and p r o p e r i d e n t i f i c a t i o n .

7.5.2 Enter s a m p l e i d e n t i f i c a t i o n into XRF log book (maximum 19 s a m p l e s per run), and enter
the check s tandard i d e n t i f i c a t i o n s used for tha t run into log book.

7.5.3 Open QuanX cover and load s a m p l e s into s a m p l e tray, m a t c h i n g the log book sequence
to the tray numbers. To load s a m p l e s , tap each s a m p l e mylar f a c i n g down on a clean
p a p e r towel. Plac e s a m p l e in tray with mylar f a c i n g down so that the s a m p l e s i t s l eve l .
Re-check that log book sequence number matches tray number for each s a m p l e .

7.5.4 C l o s e QuanX cover.

7.5.5 F r o m the Procedure Menu screen - select "SOIL UNKNOWNS 2+3".

7.5.6 Press the F1 key to p r o m p t "HOW MANY SAMPLES TO R U N ? " T y p e in to ta l number
( i n c l u d i n g check s tandard and method b lank if pr e s en t) f r o m log book and hit enter. F r o m
the s a m p l e i d e n t i f i c a t i o n screen, enter i d e n t i f i c a t i o n s f r om log book and press Enter a f t e r
each entry. Prior to pr e s s ing Enter f o l l o w i n g the last s a m p l e i d e n t i f i c a t i o n , re-check
the s a m p l e i d e n t i f i c a t i o n entries agains t the log book.

7.5.7 Press the f i n a l Enter, and the instrument w i l l a u t o m a t i c a l l y start the s a m p l e analys i s .

7.5.8 If an error is d i s covered, cancel th i s program by pr e s s ing the F10 key, make the necessary
correc t ions and repeat the procedure .

7.5.9 U p o n c o m p l e t i o n o f a n a l y s i s , the QuanX wi l l a u t o m a t i c a l l y begin to p r i n t the r e s u l t s . The
pr in tou t wi l l report the e l ement s a n a l y z e d , concentrat ion in p p m , and error for each s a m p l e
i d e n t i f i c a t i o n . Record the concentration of arsenic and lead r e su l t s in the ins trument log
book and review q u a l i t y control s a m p l e r e su l t s as discussed in S e c t i o n 7.6.

7.6 Data Export

f:\4994\1004 \ s o p _ x r f . w p d
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The da ta wi l l be exported at least d a i l y and converted to the pro j e c t -required f o r m a t . A
d a i l y b a c k u p o f a l l d a t a w i l l b e m a i n t a i n e d . A n a l y t i c a l r e s u l t s wi l l b e t r a n s f e r r e d t o t h e GIS
S p e c i a l i s t weekly or more o f t e n .

f : \4994\1004\ s op_xr f .wpd
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8.0 RECORDS

N I S T C e r t i f i c a t e s o f A n a l y s i s f o r Each S t a n d a r d Reference M a t e r i a l
I n s t r u m e n t L o g Book
M a i n t e n a n c e Log

• I n s t r u m e n t P r i n t o u t

9 . 0 A T T A C H M E N T S
A S p e c t r a c e I n s t r u m e n t s QuanX Opera t i on M a n u a l
B M e t h o d 6200
C S o i l A n a l y s i s A p p l i c a t i o n R e p o r t : L o w C o n c e n t r a t i o n S o i l C o n t a m i n a n t

C h a r a c t e r i z a t i o n U s i n g E D X R F A n a l y s i s
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S p e c t r a c e I n s t r u m e n t s QuanX Operation Manual
(to be provided by s u p p l i e r )
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A T T A C H M E N T B

M e t h o d 6200
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S o i l A n a l y s i s A p p l i c a t i o n Report
L o w Conc en t ra t i on S o i l C o n t a m i n a n t C h a r a c t e r i z a t i o n U s i n g E D X R F A n a l y s i s
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C h a p t e r 5 Proc edure s

E n e r g y C a l i b r a t i o n
Energy C a l i b r a t i o n i s a s o f t w a r e f u n c t i o n t h a t ca l i bra t e s the sp e c t rome t er e l e c t ron i c s to
assure the accuracy of the energy scale. T h i s f u n c t i o n requires use of a copper ca l i bra t ion
standard s u p p l i e d with the system.
When run, the program acquires a spectrum of the c o p p e r calibration standard and
measures the centroid of the Cu K - a l p h a l ine. T h i s measured p o s i t i o n is compared to the
known energy of the Cu line and the d i f f e r e n c e is d i s p l a y e d as the ERROR. If the error is
greater than 1.5eV, the program will a d j u s t the GAIN value and restart. If the error is l e s s
than 1.5 eV, the program saves the GAIN value and s t o p s .
It is most important that Energy Cal ibra t i on be p e r f o r m e d on a regular basis. One f a c t o r
that can a f f e c t ca l i bra t i on is t emperature, so Energy Cal ibra t i on should be run at least once
a day, unless wide temperature variations are e xpe c t ed , in which case it should be run
more o f t e n .
1. If the program is already running, press EXIT F10, until the Procedure menu is

reached. If the program is not running, change to the de s ired subd ir e c t ory and t y p e
Q U A N X .

2. To i n i t i a t e Energy Cal ibra t ion, press the E N R G Y CALIB F7 f u n c t i o n key.
3. At the prompt load the copper calibration standard, close the lid, and press the space

bar on the keyboard to continue.
4. The program will initiate the spectrum acquisition and d i sp lay . If it does, skip to s t ep

6. If an error occurs due to high d ead t ime , or the acqui s i t ion f a i l s to in i t ia t e , it will be
necessary to change the excitation condit ions for Energy calibration be fore
proce ed ing.

5. To change the condit ions used for Energy Calibration, press SETUP F2, then SYS
STAT F4, then ECAL CONFG F7 t o d i s p l a y t h e Energy C a l i b r a t i o n c o n f i g u r a t i o n
menu. Set to the d e f a u l t condit ions: Pd 0.05mm f i l t e r 15KV and 0.08mA. Exit to the
Procedure menu, then run Energy C a l i b r a t i o n .

6. W i t h the spectrum acquisition d i s p l a y e d , check that the % Deadtime is near 50%. If it
is not, press ACQU MENU F7 then ACQU PARM F4 to d i s p l a y the A c q u i s i t i o n
Parameters menu. Now a d j u s t the TUBE CURRENT to achieve 50% deadtime.
When this is done, press EXIT flO to return to the acquisition d i sp lay . Trices* w\^t t>i o.cz^A

7. The program will d i s p l a y the spec trum of copper. At the bot tom of the screen the
GAIN se t t ing and ERROR in the copper peak p o s i t i o n are shown. When the program
has a d j u s t e d the gain, and the error is l e s s than 1 .5eV, the system wi l l save the DAC
value, and return to the Procedure menu.

S p e c t r a c e QuanX Operator's Manual Page 5 - 4
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T h i n g s To Check On a D a i l y Basis

1. On every M o n d a y morning a f t e r converting data from the QuanX - check the system date.
To check the date - at the command p r o m p t (C:\QUANX\CONFIRM>) type in the word da t e and
hit enter. T h i s w i l l bring up the current system date. T y p e in d a t e f o l l o w i n g this format - for
example: 07-06-1998 and hit enter. Current date is now entered. Spec t rac e is aware of this
system date prob l em - it is a s o f tware error that is caused by running the Redate program.

2. C l o s e out previous day runs in the log book. Make sure p a g e s are d a t e d , Pb cone, is
recorded, time is entered from the print out, and everything looks good. Make any
comments in log book if prob l ems of any runs and why there was a rerun. Make note of any
t y p i n g mis takes - when data is converted the person download ing the data can fix the error.

3. Energy C a l i b r a t i o n must be ran d a i l y . P l a c e Cu in p o s i t i o n #20. At the procedure menu - hit
F7. The program will prompt you to have Cu sample in p o s i t i o n #20 and hit the space bar to
start program. The program wil l go through a 20 second warm-up and then start. Check DT%
and make sure it is around 50%. If not f o l l o w attachment procedure 5-4. A f t e r the warm-up it is
impor tan t to make sure that there is no errors. The most common one - is a message wi l l a p p e a r
above the spectra saying: ACQ Abor t ed: S t a b i l i z e r Lost Zero Peak. When a error message
has appeared exit program by h i t t i n g F 1 0 . It will ask to save value of Gain DAC. T y p e N for
no. You do not want to save th i s value. A f t e r you t y p e N you wi l l a u t o m a t i c a l l y be taken back
to the procedure menu. There are two things I have found to have worked with this error:

1. Hit the F7 key again to start energy calibration. Pause for about 20 seconds then hit the
space bar to start program. I do not know why this works, but I f i g u r e the machine g e t s
tii^d and needs time to catch up. Try thi s a c oup l e of times then move to #2.
2. If #1 doesn't work back c o m p l e t e l y out of the program by h i t t i n g F10 to exit. At the
C : \ Q u a n x \ C o n f i r m > t y p e cd.. And hit enter then t y p e cd.. again and hit enter. Now you
only have the c:\ p r o m p t . Behind the Quanx right above the p l u g in - there is a swi tch to
turn the instrument o f f . Turn it off and wait about one minute. Then t y p e in your
d i r e c t o r i e s cd quanx and enter then cd conf irm then enter. Now the screen w i l l read



C:\Quanx\Confirm>. T y p e Quanx and you wi l l be back to the procedure menu. Hit F7
and pause then hit space bar to start, program.

4. Check s tandards must run da i ly a f t e r the energy calibration. You only get three chances then
it is time to standardize. S R M 2 7 1 1 is the check standard that seems to give me the greatest gr i e f .
C o u p l e th ings to i n i t i a l l y try to avoid re-standardization.

1. Turn cup Mylar up and knock soil off of Mylar. Shake side to s ide and turn back over
and tap on p a p e r towel. Place in po s i t i on #3.
2. If the standard s t i l l f a i l s - change out the Mylar. There is always a box of Mylar and
spare cups behind the p end ing re su l t s tray.

5. If you need to s tandardize - at the procedure menu highl ight #5 which reads S o i l S t a n d a r d s
6+7. Hit Fl and the program will prompt you to p la c e SRM2710 in pos i t ion #1, SRM2709 in
p o s i t i o n #2 and S R M 2 7 1 1 in po s i t i on #3. Hit the space bar and program will start. In the
morning when downloading data - this information will need to be removed from the worksheet
because there is no data to record and will not f o l l o w worksheet format.



PROTOCOL FOR ANALYZING SAMPLES ON THE QUANX
• -* 1. Receive s a m p l e s f r o m prep lab.

2. Look over s a m p l e s to make sure the w r i t i n g on the cups is accurate ( e s p e c i a l l y when running
~ assessment s a m p l e s . )

3. Enter sampl e i d e n t i f i c a t i o n s into log book (19 s a m p l e s max.)
4. Enter check s tandard i d e n t i f i c a t i o n into log book (next in su c c e s s i on .)
5. Check standard must be ran with every batch.
6. Open lid to QuanX - and load samples according to succession in log book to tray number.
To load sampl e s tap on paper towel M Y L A R down. Place in tray M Y L A R down and make sure
s a m p l e is s i t t i n g even. Check while l o a d i n g that number in book is the same for the tray
number in the QuanX.
7. Clo s e lid to QuanX.

— 8. From the procedure menu screen - make sure cursor is h i g h l i g h t i n g SOIL UNKNOWNS
2+3.

""" 9. Hit Fl key to prompt How many samples to run? - type in amount from log book and hit enter.
) That will bring you to entering to sample i d e n t i f i c a t i o n s - enter i d e n t i f i c a t i o n s from log book and

hit enter a f t e r each one. Make sure sample number matches that in the log book.
10. Once you have hit enter on the last sample the instrument will automatical ly start to run.
11. If a mistake was made and you need to cancel this program - hit the F10 key to exit. S t a r t
again at pro t o co l #8.



A T T A C H M E N T B
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19. Go to File menu and scroll to Get External Data, then another menu wi l l open and h i g h l i g h t
I m p o r t .
20. Look in drive A. File t y p e is Excel worksheet. Open data f i l e , for ex: 0117.
21. A import wizard f i l e w i l l appear. Check the box on the top l e f t for using f i r s t row as
headers. Hit continue or next at the bottom.
22. Now it wi l l ask where do you want to import this data. S e l e c t e x i s t i n g tab l e . S c r o l l down
and cl ick on R E S U L T S . Hit cont inue or next on bottom.
23. T h i s next screen is i n f o r m i n g you what tab l e your data will be imported to. Hit f i n i s h .
24. Your data is now s u c c e s s f u l l y imported to the database.



M E T H O D 6200
F I E L D P O R T A B L E X-RAY F L U O R E S C E N C E S P E C T R O M E T R Y F O R T H ED E T E R M I N A T I O N O F E L E M E N T A L C O N C E N T R A T I O N S I N S O I L A N D S E D I M E N T

1 . 0 S C O P E A N D A P P L I C A T I O N
1.1 T h i s method is a p p l i c a b l e to the in s i tu and i n t r u s i v e a n a l y s i s of the 26 a n a l y t e s l i s t e din T a b l e 1 for soil and sediment samples . Some common elements are not l i s t ed in T a b l e 1 becauset h e y are cons idered "light" e l ement s that cannot be de t e c t ed by f i e l d p o r t a b l e x-ray f l u o r e s c e n c e(FPXRF). T h e y are: l i t h i u m , b e r y l l i u m , s od ium, magnes ium, a l u m i n u m , s i l i c o n , and p h o s p h o r u s .Most of the analy t e s l i s t ed in T a b l e 1 are of environmental concern, whi le a few others havein t e r f e r enc e e f f e c t s or change the e l ementa l c o m p o s i t i o n of the matrix, a f f e c t i n g q u a n t i t a t i o n of thea n a l y t e s of interest. G e n e r a l l y e lements of atomic number 16 or greater can be detected andq u a n t i t a t e d b y F P X R F .
1.2 Detect ion l imi t s depend on several f a c t o r s , the a n a l y t e of intere s t , the t y p e of d e t e c t o ru s ed , the type of exc i tat ion source, the s trength of the exc i tat ion source, count times used toirradiate the s a m p l e , physical matrix e f f e c t s , chemical matrix e f f e c t s , and intere lement spec trali n t e r f e r e n c e s G e n e r a l ins trument detec t ion l i m i t s for ana ly t e s o f interest in environmentala p p l i c a t i o n s are shown in T a b l e 1. Thes e de t e c t ion l i m i t s a p p l y to a clean matrix of quartz sand( s i l i c o n d i o x i d e ) f r e e o f interelement sp e c t ra l i n t e r f e r e n c e s u s ing l o n g (600-second) count times.T h e s e de t e c t i on l i m i t s are given for guidance only and wil l vary d e p e n d i n g on the s a m p l e matrix,which instrument is used, and operat ing condi t ions . A di s cus s ion of f i e l d p er f ormance-ba s eddetect ion l imi t s is presented in Section 13.4 of this method. The clean matrix and f i e l d p er formance-based d e t e c t i on l imi t s should be used for general p l a n n i n g purpo s e s , and a third de t e c t ion l i m i td i s c u s s e d , based on the s tandard d e v i a t i o n around s i n g l e measurements, should be used inasses s ing data q u a l i t y . T h i s detec t ion l i m i t is discussed in S e c t i o n s 9.7 and 11.3.
1.3 Use of thi s method is restricted to personnel either trained and knowl edgeab l e in theoperation of an XRF instrument or under the supervi s ion of a trained and k n o w l e d g e a b l e i n d i v i d u a l .This method is a screening method to be used with c o n f i r m a t o r y analys i s using EPA-approvedmethods . T h i s m e t h o d ' s main strength i s as a rapid f i e l d screening procedure. The methodde t e c t ion l imi t s (MDL) of FPXRF are above the toxicity characteri s t i c r e g u l a t o r y level for most RCRAanalytes. If the precision, accuracy, and de tec t ion l i m i t s o f FPXRF meet the data q u a l i t y ob j e c t iv e s(DQOs) of your p r o j e c t , then XRF is a f a s t , p o w e r f u l , cost e f f e c t i v e t e c h n o l o g y for sitecharacterization.

2.0 SUMMARY OF M E T H O D
2.1 The FPXRF techno log i e s described in t h i s method use s ea l ed r a d i o i s o t o p e sources toi r rad ia t e s a m p l e s with x-rays. X-ray tubes are used to irradiate s ampl e s in the laboratory and areb eg inning to be incorporated into f i e l d por tab l e instruments. When a s a m p l e is i rradia t ed with x-rays,the source x-rays may undergo either s c a t t e r i n g or a b s o r p t i o n by s a m p l e atoms. T h i s l a t e r proce s sis known as the photoe l e c tr i c e f f e c t . When an atom absorbs the source x-rays, the incident rad ia t i ond i s l o d g e s e l e c t rons f r o m the innermost s h e l l s o f th e a tom, c r ea t ing vacancies. The e l e c tronvacancies are filled by electrons cascading in f rom outer electron s h e l l s . Elec trons in outer s h e l l shave h igher energy states than inner s h e l l e l e c trons , and the outer s h e l l electrons give off energyas they cascade down into the inner sh e l l vacancies. T h i s rearrangement of e lec trons re sul t s inemission of x-rays characteristic of the given atom. The emission of x-rays, in th i s manner, is termedx-ray f l u o r e s c e n c e .

CD-ROM 6200 -1 Revis ion 0J a n u a r y 1998



p r o p o r t i o n a l to the energy of the x-rays. An electronic m u l t i c h a n n e l analyzer (MCA) measures thep u l s e a m p l i t u d e s , which is the basis of qua l i ta t iv e x-ray analys i s . The number of counts at a givenenergy per unit of time is r epre s en ta t ive of the element c onc en tra t i on in a s a m p l e and is the basisfor quantitative analysis. Most FPXRF instruments are menu-driven from s o f twar e b u i l t into the un i t sor f rom personal computers (PC).
The measurement time of each source i s ' u s e r - s e l e c t a b l e . S h o r t e r source measurement times(30 s e c ond s) are g e n e r a l l y used for i n i t i a l screening and hot spot d e l i n e a t i o n , and l ongermeasurement t imes (up to 300 s e c o n d s ) are t y p i c a l l y used to meet h igher preci s ion and accuracyrequirements.
FPXRF in s t rument s can b e ca l ibrated u s ing th e f o l l o w i n g me thod s: i n t e r n a l l y u s ingf u n d a m e n t a l parameters de termined by the manufac turer , e m p i r i c a l l y based on s i t e - s p e c i f i cca l i bra t i on s t a n d a r d s (SSCS), or based on C o m p t o n peak ratios. The C o m p t o n peak is producedby backscattering of the source radiation. S o m e FPXRF ins truments can be c a l i b r a t e d u s ing m u l t i p l emethods.

3 . 0 D E F I N I T I O N S
3.1 FPXRF: Field p o r t a b l e x-ray f luore scence .
3.2 MCA: M u l t i c h a n n e l analyzer f or measuring p u l s e a m p l i t u d e .
3 . 3 S S C S : S i t e s p e c i f i c c a l i b r a t i o n s t a n d a r d .
3.4 FP: F u n d a m e n t a l parameter.
3.5 RQI: Region of interest.
3.6 SRM: Standard reference material. A standard containing c e r t i f i ed amounts of metal sin soil or sediment.
3.7 eV: Electron V o l t . A unit of energy equivalent to the amount of energy gained by anelectron p a s s i n g through a p o t e n t i a l d i f f e r e n c e of one volt.
3.8 Refer to C h a p t e r One and C h a p t e r Three for add i t i ona l d e f i n i t i o n s .

4.0 INTERFERENCES
4.1 The total method error for FPXRF analysi s is d e f i n e d as the square root of the sum ofsquares of both instrument preci s ion and user- or a p p l i c a t i o n - r e l a t e d error. G e n e r a l l y , ins trumentprecision is the least s igni f i cant source of error in FPXRF analysis . User- or a p p l i c a t i o n - r e l a t e d erroris g e n e r a l l y more s i g n i f i c a n t and varies with each site and method used. Some sources ofinterference can be minimized or controlled by the instrument operator , but others cannot. Commonsources of user- or a p p l i c a t i o n - r e l a t e d error are discussed below.
4.2 Physical matrix e f f e c t s result f r om variations in the phy s i ca l character of the s a m p l e .These variations may include such parameters as par t i c l e size, u n i f o r m i t y , homogene i ty , and s u r f a c econdi t i on . For e xampl e , if any ana ly t e exists in the f orm of very f i n e p a r t i c l e s in a coarser-grainedmatrix, the analyte's concentration measured by the FPXRF will vary d e p e n d i n g on how f i n e p a r t i c l e sare d i s t r i b u t e d wi thin the coarser-grained matrix. If the f i n e p a r t i c l e s "settle" to the bot tom of thes ampl e cup, the a n a l y t e c onc en tra t i on measurement w i l l be h i g h e r t h a n if the f r n e p a r t i c l e s are not
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mixed in well and stay on top of the coarser-grained p a r t i c l e s in the s a m p l e cup. One way to reducesuch error is to grind and sieve all soil s a m p l e s to a uni form p a r t i c l e size thus r educ ing sample- to-sample p a r t i c l e size variabil i ty. H o m o g e n e i t y is always a concern when d e a l i n g with soil s a m p l e s .Every effort should be made to t h o r o u g h l y mix and homogenize soil s a m p l e s b e fore analys i s . Fields tudies have shown heterogenei ty of the s a m p l e g enera l ly has the larges t impac t on c o m p a r a b i l i t ywith c o n f i r m a t o r y s a m p l e s ,
4.3 M o i s t u r e content may a f f e c t the accuracy of a n a l y s i s of soil and s ed iment s a m p l e \analyses. When the moisture content is between 5 and 20 percent, the overall error f r o m mois ture !may be minimal. However, moisture content may be a major source of error when a n a l y z i n g j psample s of s ur fa c e soil or sediment that are saturated with water. T h i s error can be minimized by 4drying the sample s in a convection or toaster oven. Microwave d r y i n g is not recommended because U^i-3f i e l d s t ud i e s have shown that microwave dry ing can increase v a r i a b i l i t y between FPXRF data and Ic o n f i r m a t o r y analy s i s and because metal f r a g m e n t s in the s a m p l e can cause arcing to occur in aJmicrowave. /
4.4 I n c o n s i s t e n t p o s i t i o n i n g of s a m p l e s in f r o n t of the probe window is a p o t e n t i a l sourceof error because the x-ray s ignal decreases as the di s tance f rom the radioactive source increases.T h i s error is minimized by main ta in ing the same distance between the window and each s a m p l e .For the best re su l t s , the window of the probe should be in direct contact with the s a m p l e , whichmeans that the s a m p l e should be flat and smooth to provide a good contact sur face .
4.5 Chemical matrix e f f e c t s result f rom d i f f e r e n c e s in the concentrat ions of i n t e r f e r i n ge lements . T h e s e e f f e c t s occur as either spectral interference s (peak o v e r l a p s ) or as x-rayab sorp t i on and enhancement phenomena. Both e f f e c t s are common in so i l s contaminated withheavy metals . As example s of ab sorpt ion and enhancement e f f e c t s ; iron (Fe) tends to absorbcopper (Cu) x-rays, reducing the intens i ty of the Cu measured by the de t e c t or , while chromium (Cr)will be enhanced at the expense of Fe because the ab sorpt ion edge of Cr is s l i g h t l y lower in energythan the f l u o r e s c e n t peak of iron. The e f f e c t s can be corrected m a t h e m a t i c a l l y through the use off u n d a m e n t a l parameter ( F P ) c o e f f i c i e n t s . T h e e f f e c t s also c a n b e compensated f o r using S S C S ,which contain all the e lements present on site that can in t er f e r e with one another.
^.6 When present in a sampl e , certain x-ray lines from d i f f e r e n t e lements can be very closein energy and, there fore , can cause interference by p r o d u c i n g a severely o v e r l a p p e d spec trum. Thedegree to which a detector can resolve the two d i f f e r e n t peaks d e p e n d s on the energy re so lu t ion ofthe detector. If the energy d i f f e r e n c e between the two peaks in e l e c t r on v o l t s i s l e s s than ther e s o lu t i on of the detec tor in electron vol t s , then the de tec tor wi l l not be able to fully resolve thepeaks.
The most common spec trum overlaps involve the Kp l ine of element Z-1 with the Kj, l i n e ofe lement Z. T h i s i s c a l l e d the Ka/Kp inter ference . Because the K a :K p i n t e n s i t y ratio for a givenelement u s u a l l y is about 7:1, the i n t e r f e r i n g e lement, Z-1, must be present at large concentrat ionsto cause a problem. Two example s of this type of spectral in t er f er enc e involve the presence of l a r g econcentrat ions of vanadium (V) when a t t e m p t i n g to measure Cr or the presence of largeconcentrations of Fe when a t t e m p t i n g to measure cobalt (Co). The V «„ and Kp energies are 4.95and 5.43 keV, re spec t ive ly, and the Cr !<„ energy is 5.41 keV. The Fe K,, and Kp energies are 6.40and 7.06 keV, respectively, and the Co K^ energy is 6.92 keV. The d i f f e r e n c e between the V KF andCr K,, energies is 20 eV, and the d i f f e r e n c e between the Fe Kp and the Co Ka energies is 140 eV.The resolution of the highes t-resolution detectors in FPXRF instruments is 170 eV. T h e r e f o r e , largeamounts of V and Fe w i l l i n t e r f e r e with q u a n t i t a t i o n of Cr or Co, r e sp e c t i v e ly . The presence of Feis a f r equent p r o b l e m because it is o f t e n f o u n d in so i l s at tens of t h o u s a n d s of p a r t s per m i l l i o n( p p m ) .
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4.7 Other in t er f er ence s can arise f r om K/L, K/M, and L/M l ine over lap s , a l t h o u g h theseoverlaps are less common. Examples of such overlap involve arsenic (As) ^/lead (Pb) La and s u l f u r(S) Kt/Pb Ma. In the A s / P b case, Pb can be measured from the Pb Lp l i n e , and As can be measuredf r o m either the As K^ or the As Ka l i n e ; in this way the in t er f e r enc e can be corrected. If the As K pline is used, sensi t ivity will be decreased by a f a c t o r of two to f ive times because it is a less intenseline than the As K,, line. If the As K,., l ine is used in the presence of Pb, mathemat i ca l correctionswithin the instrument so f tware can be used to subtract out the Pb in t er f er ence . However, becauseof the l i m i t s o f mathemat i ca l corrections, As concentrations cannot be e f f i c i e n t l y c a l c u l a t e d fors a m p l e s with Pb:As ratios of 10:1 or more. T h i s high ratio of Pb to As may result in no As beingreported r egard l e s s of the actual concentration present.
No in s trument can ful ly compensate for thi s inter ference . It i s i m p o r t a n t for an opera tor tounderstand th i s l i m i t a t i o n o f FPXRF instruments and consult with the m a n u f a c t u r e r o f the FPXRFinstrument to evaluate op t ions to minimize this l i m i t a t i o n . The operator's d e c i s i o n wi l l be based onaction levels for metals in soil e s tab l i shed for the site, matrix e f f e c t s , c a p a b i l i t i e s of the in s t rument ,da ta q u a l i t y o b j e c t i v e s , and the ratio of lead to arsenic known to be present at the site. If a site isencountered that contains lead at concentrations greater than ten times the concentration of arsenicit is a d v i s a b l e that all critical soil s a m p l e s be sent off site for c o n f i r m a t o r y ana ly s i s by an EPA-approved method.
4.8 If SSCS are used to calibrate an FPXRF instrument, the s a m p l e s co l l e c t ed must berepresentative of the site under inve s t igat ion. Repre s entat ive soil s a m p l i n g ensures that a s a m p l eor group of sample s accurately re f l ec t s the concentrations of the contaminants of concern at a giventime and locat ion. A n a l y t i c a l results for representative s ampl e s ref lec t variations in the presence andconcentration ranges of contaminants throughout a site. Var iab l e s a f f e c t i n g s a m p l erepre s en ta t ivene s s inc lude d i f f e r e n c e s in soil t y p e , contaminant concentration variabi l i ty, s a m p l ecol lect ion and prepara t i on var iab i l i ty , and analy t i ca l var iab i l i ty , all of which should be minimized asmuch as po s s i b l e .
4.9 Soil phys i ca l and chemical e f f e c t s may be corrected using SSCS that have beenanalyzed by induct ive ly coupled plasma (ICP) or atomic absorption (AA) methods. However, a m a jo rsource of error can be introduced if these sample s are not representat ive of the site or if theanalytical error is large. Another concern is the type of d ige s t i on procedure used to prepare the soils a m p l e s for the reference analysis . A n a l y t i c a l results for the c on f i rmatory method will varyd e p e n d i n g on whether a p a r t i a l d ig e s t i on procedure, such as SW-846 Method 3050, or a totaldiges t ion procedure, such as Method 3052 is used. It is known that d e p e n d i n g on the nature of thesoil or s ed iment , Method 3050 will achieve di f f ering extract ion e f f i c i e n c i e s for d i f f e r e n t ana ly t e s o finterest. The con f i rmatory method should meet the pro j e c t data q u a l i t y object ives.
XRF measures the total concentration of an e lement; th er e f or e , to achieve the greatestc o m p a r a b i l i t y of t h i s method with the reference method (reduced bias), a total d i g e s t i o n pro c edur eshould be used for s a m p l e preparat ion. However, in the s tudy used to generate the p e r f o r m a n c ed a t a for this m e t h o d , the c o n f i r m a t o r y method used was M e t h o d 3050, and the FPXRF d a t acompared very well with regression correlation c o e f f i c i e n t s (r 2 o f t e n exceeding 0.95, except forbarium and chromium. See T a b l e 9 in S e c t i o n 17.0). The cri t ical f a c t o r is that the d i g e s t i o nprocedure and analyt ical reference method used should meet the da ta q u a l i t y ob j ec t ive s (DQOs) ofthe p r o j e c t and match the method used for c o n f i r m a t i o n analysi s .
4.10 Ambient temperature changes can a f f e c t the gain of the a m p l i f i e r s p roduc ing ins trumentdrift. G a i n or drift i s p r i m a r i l y a f u n c t i o n of the e lec tronics ( a m p l i f i e r or p r e a m p l i f i e r ) and not thed e t e c t o r as most instrument detectors are cooled to a constant temperature. Most FPXRFinstruments have a b u i l t - i n au tomat i c gain control. If the au tomat i c gain control is a l l o w e d to make

CD-ROM 6200 - 5 Revi s i on 0J a n u a r y 1998



per iod i c a d j u s t m e n t s , the instrument w i l l compensate for the i n f l u e n c e of t emperature changes onit s energy scale. If the FPXRF instrument has an automatic gain control f u n c t i o n , the opera tor w i l lnot have to a d j u s t the i n s t r u m e n t ' s gain unless an error message appear s . If an error messagea p p e a r s , t h e operator should f o l l o w t h e m a n u f a c t u r e r ' s proc edure s f o r t r o u b l e s h o o t i n g t h e p r o b l e m .O f t e n , th i s involves p e r f o r m i n g a new energy c a l i b r a t i o n . The p e r f o r m a n c e of an energy c a l i b r a t i o ncheck to assess drift is a q u a l i t y control measure discussed in S e c t i o n 9.2.
If the operator is instructed by the m a n u f a c t u r e r to m a n u a l l y conduct a gain check because ofincreas ing or decreasing ambient t emperature , it is s tandard to p e r f o r m a g a i n check a f t e r every 10to 20 s a m p l e measurements or once an hour whichever is more f r e q u e n t . It is a l s o s u g g e s t e d t h a ta gain check be per formed if the temperature f l u c t u a t e s more than 10 to 20°F. The operator s h o u l df o l l o w t h e m a n u f a c t u r e r ' s recommendations f o r gain check frequency.

5.0 SAFETY
5.1 Proper training for the s a f e operation of the instrument and rad ia t i on t r a i n i n g shou ld bec o m p l e t e d by the analys t prior to analys i s . Radiat ion s a f e t y for each s p e c i f i c instrument can bef o u n d in the operators manual. Protect ive s h i e l d i n g shou ld never be removed by the ana ly s t or anypersonnel other than the manufacturer. The ana ly s t s h o u l d be aware of the l o ca l s ta t e and n a t i o n a lregulat ions that pertain to the use of rad ia t i on-produc ing equipment and radioactive mater ia l s withwhich compliance is required. Licenses for radioactive materials are of two t y p e s ; (1) general l i c ensewhich is u s u a l l y provided by the manufac turer for receiving, acquiring, owning, po s s e s s ing , u s i n g ,and t ran s f e r r ing radioactive material incorporated in a device or e q u i p m e n t , and (2) s p e c i f i c l i c en s ewhich is issued to named persons for the op era t i on of rad ioac t ive in s t rument s as required by l o c a ls tate agencies. T h e r e should be a person a p p o i n t e d within the organiza t ion that is s o l e l yre spons ib l e for proper ly ins truc t ing all p e r s onne l , ma in ta in ing i n s p e c t i o n records, and moni tor ing x-ray equipment at regular intervals. A copy of the radioactive material licenses and leak tests s hou ldbe present with the ins trument at all times and a v a i l a b l e to l o ca l and n a t i o n a l au thor i t i e s uponrequest. X-ray tubes do not require radioactive material licenses or l eak tests, but do requirea p p r o v a l s and licenses which vary from state to state. In a d d i t i o n , f a i l - s a f e x-ray warning l i g h t ss h o u l d be i l l u m i n a t e d whenever an x-ray tube is energized. Provisions l i s t ed above concerningradiation s a f e t y r e g u l a t i o n s , s h i e l d i n g , t r a i n i n g , and r e s p o n s i b l e p er sonne l a p p l y to x-ray tubes j u s tas to rad ioac t ive sources. In a d d i t i o n , a log of the t imes and o p e r a t i n g c o n d i t i o n s s h o u l d be keptwhenever an x-ray tube is energized. Finally, an a d d i t i o n a l hazard present with x-ray tubes is thedanger of electric shock from the high vol tage s u p p l y . The danger of electric shock is as sub s tant ia las the danger f rom radiat ion but is o f t e n overlooked because of its f a m i l i a r i t y .

5.2 R a d i a t i o n mon i t o r ing equ ipment s h o u l d be used with the h a n d l i n g of the in s t rument .The operator and the surrounding environment should be monitored c o n t i n u a l l y for analys t exposureto r a d i a t i o n . T h e r m a l luminescent detectors (TLD) in the f o r m of badges and rings are used tomoni tor operator radiat ion exposure. The TLDs should be worn in the area of most f r e q u e n texposure. The maximum p e r m i s s i b l e whole-body dose f r om o c c u p a t i o n a l exposure i s 5 RoentgenE q u i v a l e n t Man (REM) per year. P o s s i b l e exposure pa thways for r a d i a t i o n to enter the b o d y areinges t ion, i n h a l i n g , and absorpt ion. The best precaution to prevent radia t i on exposure is d i s tanceand s h i e l d i n g .
5.3 R e f e r to C h a p t e r T h r e e for gu idance on some p r o p e r s a f e t y p r o t o c o l s .

6 . 0 E Q U I P M E N T A N D S U P P L I E S
6 . 1 F P X R F S p e c t r o m e t e r : A n F P X R F s p e c t r o m e t e r c o n s i s t s o f f o u r m a j o r c o m p o n e n t s :(1) a source t h a t p r o v i d e s x-rays; (2) a s a m p l e p r e s e n t a t i o n d e v i c e ; (3) a d e t e c t o r t h a t converts x-
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ray-generated p h o t o n s emitted f r o m the s a m p l e into mea surab l e e l e c t r on i c s i g n a l s ; and (4) a da taproces s ing unit that contains an emission or f luor e s c enc e energy analyzer, such as an MCA, thatproces se s the s i g n a l s into an x-ray energy spec trum f r o m which e l e m e n t a l c onc en t ra t i on s in thes a m p l e may be c a l c u l a t e d , and a data d i s p l a y and storage system. T h e s e components anda d d i t i o n a l , o p t i o n a l items, are discussed below.
6.1.1 Excitation Sources: Most FPXRF instruments use sealed radio i so tope sourcesto produce x-rays in order to irradiate sample s . The FPXRF instrument may contain betweenone and three rad io i s o t ope sources. Common rad i o i s o t op e sources used for a n a l y s i s forme ta l s in so i l s are iron ( F e ) - 5 5 , cadmium ( C d ) - 1 0 9 , americium (Am)-241, and curium (Cm)-244. T h e s e sources may be contained in a probe a l o n g with a window and the de t ec tor; theprobe is connected to a data reduc t ion and h a n d l i n g system by means of a f l e x i b l e cable.A l t e r n a t i v e l y , the sources, window, and detector may be in c luded in the same unit as the datareduct ion and h a n d l i n g system.

The r e la t iv e s t r eng th of the r a d i o i s o t o p e sources is measured in unit s of m i l l i c u r i e s(mCi). All other component s of the FPXRF system being equal, the stronger the source, thegreater the s ens i t ivi ty and precision of a given instrument. R a d i o i s o t o p e sources undergoconstant decay. In f a c t , it is this decay process that emits the primary x-rays used to excitesamples for FPXRF analysis. The decay of radioi so topes is measured in "hal f- l ive s ." The h a l f -life of a rad io i s o tope is d e f i n e d as the l e n g t h of time required to reduce the rad io i s o t ope ss t r eng th or activity by h a l f . Developers of FPXRF technolog i e s recommend sourcereplacement at r egu lar in t erval s based on the s o u r c e ' s half-l i fe . The charac t er i s t i c x-raysemitted f r o m each of the d i f f e r e n t sources have energies c a p a b l e of exc i t ing a certain rangeof analyt e s in a sample . T a b l e 2 summarizes the charac t e r i s t i c s of f o u r common r a d i o i s o t o p esources.
X-ray tubes have higher radiat ion o u t p u t , no intrinsic l i f e t i m e l i m i t , produce constantoutput over their l i f e t i m e , and do not have the d i spo sa l prob l ems of radioactive sources but arej u s t now a p p e a r i n g in FPXRF instruments An e l e c tr i ca l ly-exc i t ed x-ray tube operates bybombarding an anode with electrons accelerated by a h i g h voltage. The electrons gain anenergy in electron volts equal to the a c c e l e ra t ing v o l t a g e and can excite atomic t r a n s i t i o n s inthe anode, which then produces characteristic x-rays. T h e s e characteris t ic x-rays are emittedt h r o u g h a window which contains the vacuum required for the e lectron acce l erat ion. Animportant d i f f e r e n c e between x-ray tubes and radioactive sources is that the electrons whichbombard the anode also produce a continuum of x-rays across a broad range of energies ina d d i t i o n to the characteris t ic x-rays. T h i s continuum is weak compared to the characteris t icx-rays but can provide subs tantial exci tation since it covers a broad energy range. It has theundesired proper ty of producing background in the spectrum near the analyte x-ray l ines whenit is scattered by the sample. For thi s reason a filter is o f t e n used between the x-ray tube andthe s a m p l e to suppre s s the continuum radiation while pa s s ing the characteri s t ic x-rays f r o mthe anode. T h i s filter is sometimes incorporated into the window of the x-ray tube. The choiceof ac c e l era t ing vol tage is governed by the anode m a t e r i a l , since the e l e c t rons must haves u f f i c i e n t energy to excite the anode, which requires a vo l tage greater than the a b s o r p t i o nedge of the anode mater ial . The anode is most e f f i c i e n t l y excited by v o l t a g e s 2 to 2.5 t imesthe edge energy (most x-rays per unit power to the tube), a l t h o u g h vo l tage s as low as 1.5times the absorpt ion edge energy will work. The characteristic x-rays emitted by the anode arecapable of exciting a range of elements in the s a m p l e ju s t as with a radioactive source. T a b l e3 gives the recommended opera t ing vo l tage s and the s a m p l e elements excited for somecommon anodes.
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6.1.2 S a m p l e Presentation Device: FPXRF instruments can be operated in twomodes: in situ and intrusive. If operated in the in situ mode, the probe window is p la c ed indirect contact with the soil s ur fa c e to be analyzed. When an FPXRF instrument is operatedin the intrusive mode, a soil or sediment s a m p l e must be c o l l e c t e d , p r e p a r e d , and p la c ed ina s a m p l e cup. For most FPXRF instruments operated in the intrusive mode, the probe isrotated so that the window fa c e s upward. A protective s ampl e cover is p laced over thewindow, and the sample cup is placed on top of the window inside the protective s a m p l e coverf o r analys i s .
6.1.3 Detectors: The detectors in the FPXRF instruments can be either s o l i d - s t a t edetectors or g a s - f i l l e d , p ropor t i ona l counter detectors. Common so l id- s ta t e de tec tors i n c l u d emercuric i od id e ( H g l 2 ) , s i l i con p i n d iode a n d l i t h i u m - d r i f t e d s i l icon S i ( L i ) . T h e H g l 2 de t e c tor i soperated at a moderat e ly subambient temperature contro l l ed by a low power th ermoe l e c t r i ccooler. The silicon pin diode detector also is cooled via the thermoelec tr i c P e l t i e r e f f e c t . TheSi(Li) detector must be cooled to at least -90 °C either with l iquid nitrogen or by thermoelec tr iccooling via the Pel t i e r e f f e c t Instrument s with a Si(Li) de t e c tor have an i n t e r n a l l i q u i d n i t r o g e ndewar with a capac i ty of 0.5 to 1.0 l i t er . P r o p o r t i o n a l counter detectors are rugged andl i gh twe igh t , which are important f ea tur e s of a field p o r t a b l e detector. However, the re so lu t ionof a proport ional counter detector is not as good as that of a s o l id- s ta t e detector. The energyreso lut ion of a detector for characterist ic x-rays is u s u a l l y expressed in terms of full w id th athal f-maximum (FWHM) height of the manganese K,, peak at 5.89 keV. The t y p i c a l re so lut ionsof the above mentioned detectors are as f o l l o w s : Hgl 2 -270 eV; s i l icon pin diode-250 eV;Si(Li)-170 eV; and g a s - f i l l e d , propor t i ona l counter-750 eV.

During operation of a solid-state detector, an x-ray p h o t o n strikes a b ia s ed , s o l i d - s t a t ecrystal and loses energy in the crystal by p r o d u c i n g electron-hole pairs. The electric chargeproduced is co l l e c t ed and provides a current p u l s e that is d ir e c t ly propor t i ona l to the energyof the x-ray pho ton absorbed by the crystal of the detector. A g a s - f i l l e d , p r o p o r t i o n a l counterdetec tor is an ionization chamber filled with a mixture of noble and other gases. An x-rayphoton entering the chamber ionizes the gas atoms. The electric charge produced is c o l l e c t edand provides an electric signal that is d ir e c t ly proport ional to the energy of the x-ray pho tonabsorbed fay the gas in the detector.
6.1.4 Data Processing Unit s: The key component in the data processing unit of anFPXRF instrument is the MCA. The MCA receives pu l s e s f rom the detector and sorts themby their ampti tudes (energy level). The MCA counts pulses per second to determine the heightof the peak in a spectrum, which is indicative of the target analyte's concentration. Thespectrum of element peaks are bui l t on the MCA The M C A s in FPXRF instruments have f r o m256 to 2,048 channels. The concentrations of target analytes are u s u a l l y shown in part s permillion on a liquid crystal d i s p l a y (LCD) in the instrument. FPXRF instruments can store bothspectra and from 100 to 500 sets of numerical analyt i ca l results. Most FPXRF ins trument s aremenu-driven from s o f tware built into the units or f r om PCs. Once the data-storage memoryof an FPXRF unit is full, data can be downloaded by means of an RS-232 port and cable to aPC.

6.2 S p a r e battery chargers.
6.3 Polye thy l ene sample cups: 31 m i l l i m e t e r s (mm) to 40 mm in diameter with c o l l a r , orequivalent ( a p p r o p r i a t e f o r F P X R F instrument).
6.4 X-ray window film: Mylar™, K a p t o n ™ , S p e c t r o l e n e ™ , p o l y p r o p y l e n e , or e q u i v a l e n t ; 2.5to 6.0 micrometers (um) th i ck .
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6.5 M o r t a r and p e s t l e : g l a s s , agate, or a luminum oxide; for g r i n d i n g soil and sediment fs a m p l e s .
6.6 C o n t a i n e r s : g l a s s or p l a s t i c to store s a m p l e s .
6.7 Sieves: 60-mesh (0.25 mm), s tainles s-s teel , Nylon, or equivalent for p r e p a r i n g soil ands ediment sample s .
6.8 T r o w e l s : f or s m o o t h i n g so i l s u r f a c e s and c o l l e c t i n g soil s ampl e s .
6.9 P l a s t i c bags: used for c o l l e c t i on and homogenizat ion of soil s ampl e s . (3*P- /
6.10 Drying oven: standard convection or t oa s t er oven, for soil and s ed imen t s a m p l e s t h a trequire d r y i n g .

7 . 0 R E A G E N T S A N D S T A N D A R D S
7.1 Pure Element S t a n d a r d s : Each pure , s i n g l e - e l e m e n t s t andard is in t ended to p r o d u c es trong charac t er i s t i c x-ray peaks of the element of interest only. Other elements present must notcontr ibut e to the f l uor e s c enc e spectrum. A set of pure element s tandard s for commonly soughtanalytes is s u p p l i e d by the instrument manufacturer, if required for the ins trument; not all instrumentsrequire the pure element s tandards . The s t a n d a r d s are used to set the region of interest (ROI) foreach element. T h e y also can be -used as energy c a l i b r a t i o n and r e s o l u t i o n check s a m p l e s .
7.2 Si t e - sp e c i f i c Cal ibrat ion S t a n d a r d s : I n s t r u m e n t s that e m p l o y f u n d a m e n t a l parameters(FP) or s imi lar mathematical mode l s in minimizing matrix e f f e c t s may not require SSCS. If the FPc a l i b r a t i o n model is to be o p t i m i z e d or if e m p i r i c a l c a l i b r a t i o n is necessary, then SSCSs must bec o l l e c t e d , p r e p a r e d , and analyzed .

7.2.1 The SSCS must be representative of the matrix to be analyzed by FPXRF.T h e s e sample s must be well homogenized. A minimum of ten s a m p l e s s p a n n i n g theconcentrat ion ranges of the anaiytes of interest and of the i n t e r f e r i n g e l ement s must beobtained from the site. A s a m p l e size of 4 to 8 ounces is recommended, and standard g l a s ss a m p l i n g jar s should be used.
7.2.2 Each s a m p l e shou ld be oven-dried for 2 to 4 hours at a t empera tur e of le s sthan 150°C. If mercury i s to be a n a l y z e d , a s eparate s a m p l e p o r t i o n must remain u n d r i e d , ashea t ing may vo la t i l i z e the mercury. When the sampl e is dry, all large , organic debris andnonrepresentative material, such as twigs, leaves, roots, insects, a s p h a l t , and rock s h o u l d beremoved. The sample should be ground with a mortar and p e s t l e and passed through a 60-mesh sieve. Only the coarse rock f r a c t i o n s h o u l d remain on the screen.
7.2.3 The sample should be homogenized by using a riffle s p l i t t e r or by p l a c i n g 1 50to 200 grams of the dried, sieved sample on a piece of k r a f t or butcher p a p e r about 1.5 by 1.5f e e t in size. Each corner of the p a p e r should be lifted a l t e r n a t e l y , r o l l i n g the soil over on i t s e l fand toward the o p p o s i t e corner. The soil s h o u l d be r o l l e d on i t s e l f 20 times. A p p r o x i m a t e l y5 grams of the s a m p l e s h o u l d then be removed and p l a c e d in a s a m p l e cup for FPXRFanalysis. The rest of the prepared s a m p l e should be sent off site for ICP or AA analys i s . Themethod use for c on f i rmatory ana ly s i s s h ou ld meet the data q u a l i t y ob j e c t ive s of the p r o j e c t .

7.3 Blank S a m p l e s : The b l a n k s a m p l e s s h o u l d be f r o m a "clean" quartz or s i l i c o n d i o x i d em a t r i x t h a t i s f r e e of any a n a l y t e s at c o n c e n t r a t i o n s above the method de t e c t ion l i m i t s . T h e s e
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s a m p l e s are used to monitor for cros s-contamination and laboratory-induced c on taminant s orinter ference s .
7.4 S t a n d a r d Reference Mater ia l s : S t a n d a r d reference mat er ia l s (SRM) are s t a n d a r d scontaining c er t i f i ed amounts of metal s in soil or sediment. T h e s e s t a n d a r d s are used for a c curacy 'and per formance checks of FPXRF analyses. S R M s can be obtained f r o m the N a t i o n a l I n s t i t u t e o fS t a n d a r d s a n d T e c h n o l o g y ( M I S T ) , t h e U . S . G e o l o g i c a l Survey ( U S G S ) , t h e C a n a d i a n N a t i o n a lResearch C o u n c i l , and the nat ional bureau of s tandard s in f o r e i g n nations. Pertinent NIST S R M sfor FPXRF analys i s i n c l u d e 2704, Buf fa l o River S e d i m e n t ; 2709, San J o a q u i n Soi l ; and 2710 and2711, M o n t a n a Soil. T h e s e S R M s contain soil or sediment f r o m actual sites that has been analyzedusing i n d e p e n d e n t inorganic a n a l y t i c a l methods by many d i f f e r e n t laboratories.

8 . 0 S A M P L E C O L L E C T I O N , P R E S E R V A T I O N , A N D S T O R A G E
S a m p l e h a n d l i n g and preservation procedures used in FPXRF analyses should f o l l o w the g u i d e l i n e si n C h a p t e r T h r e e , I n o r g a n i c A n a l y t e s .
9 . 0 Q U A L I T Y C O N T R O L

9.1 Refer to Chapter One for a d d i t i o n a l guidance on q u a l i t y assurance protocol s . All f i e l ddata sheets and q u a l i t y control data shou ld be maintained for reference or in spe c t i on .
9.2 Energy C a l i b r a t i o n Check: To determine whether an FPXRF instrument is o p e r a t i n gwi th in re so lut ion and s t a b i l i t y tolerances, an energy cal ibrat ion check shou ld be run. The energycalibration check determines whether the characteri s t i c x-ray l i n e s are s h i f t i n g , which would ind i ca t edrift within the instrument. As discussed in S e c t i o n 4.10, thi s check also serves as a gain check inthe event that ambient temperatures are f l u c t u a t i n g g r e a t l y (> 10 to 20°F).
The energy c a l i b r a t i o n check s h o u l d be run at a f r equency consistent with manu fa c tur er srecommendations. General ly , this would be at the beginning of each working day, a f t e r the batteriesare changed or the instrument is shut off, at the end of each working day, and at any other t imewhen the ins trument operator be l i eve s that drift is occurring d u r i n g a n a l y s i s . A pure e l ement suchas iron, manganese, copper, or lead is o f t en used for the energy cal ibrat ion check. A manufac turer-recommended count time per source should be used for the check.

9.2.1 The instrument m a n u f a c t u r e r ' s manual s p e c i f i e s the channel or k i l o e l e c t r onvolt level at which a pure element peak should a p p e a r and the expected intens i ty of the peak.The i n t e n s i t y and channel number of the pure e l ement as measured us ing the rad i oa c t iv esource should be checked and compared to the m a n u f a c t u r e r ' s recommendation. If the energycal ibrat ion check does not meet the m a n u f a c t u r e r ' s criteria, then the pure element s a m p l es h o u l d be r epo s i t i oned and reanalyzed. If the criteria are s t i l l not met, then an energyc a l i b r a t i o n should be p er f ormed as described in the m a n u f a c t u r e r ' s manual. W i t h someFPXRF instruments, once a spectrum is acquired from the energy ca l i bra t i on check, the peakcan be op t imiz ed and r ea l i gned to the m a n u f a c t u r e r ' s s p e c i f i c a t i o n s us ing th e i r s o f twar e .
9.3 Blank S a m p l e s : Two types of b lank s a m p l e s should be analyzed for FPXRF analy s i s :instrument blanks and method blanks. An instrument b lank is used to v e r i f y that no c on tamina t i onexi s t s in the sp e c t rome t er or on the probe window.

9.3.1 The instrument b lank can be s i l i con d i o x i d e , a T e f l o n b l o ck , a quartz b l o ck ,"clean" sand, or l i t h i u m carbonate. T h i s instrument b l a n k s h o u l d be ana lyzed on each w o r k i n gday b e f o r e and a f t e r analyse s are conducted and once per every twenty s a m p l e s . An

CD-ROM 6200-10 Revision 0J a n u a r y 1998



instrument b lank should also be analyzed whenever contamination is suspected by the a n a l y s t .The f r e q u e n c y of a n a l y s i s wi l l vary with the data q u a l i t y o b j e c t i v e s of the p r o j e c t . Amanufacturer-recommended count time per source s h o u l d be used for the b l a n k ana ly s i s . Noelement c o n c e n t r a t i o n s above the method d e t e c t i o n l i m i t s s h o u l d be f o u n d in the in s t rumentb l a n k . If concentrations exceed these l i m i t s , then the probe window and the check s a m p l eshould be checked for contaminat ion. If c ontaminat ion is not a prob l em, then the ins trumentmust be "zeroed" by f o l l o w i n g the m a n u f a c t u r e r ' s in s t ru c t i on s .
9.3.2 A method b l a n k is used to monitor for laboratory-induced c on taminant s ori n t e r f e r e n c e s . The method b l a n k can be "clean" s i l i ca sand or l i t h i u m carbonate thatundergoes the same preparat ion procedure as the sample s . A method b lank must be analyzedat least d a i l y . The f r equency of ana ly s i s wi l l d e p e n d on the data q u a l i t y o b j e c t i v e s of thep r o j e c t . - To be a c c e p t a b l e , a method b l a n k must not conta in any a n a l y t e at a c oncen tra t i onabove i t s method de t e c t ion l imi t . If an analyt e ' s concentration exceeds i t s method d e t e c t i o nl i m i t , the cause of the prob l em must be i d e n t i f i e d , and all s ampl e s analyzed with the methodblank must be r eana lyz ed .

9.4 Cal i bra t i on Ver i f i ca t i on Checks: A calibration verif ication check s a m p l e is used to checkthe accuracy of the instrument and to assess the s t a b i l i t y and consis tency of the analys i s for theanaly t e s of interest. A check s a m p l e s h o u l d be ana lyz ed at the b e g i n n i n g of each working day,dur ing active s a m p l e analyses , and at the end of each working day. The f r equency of ca l i b ra t i onchecks dur ing active ana ly s i s w i l l d epend on the data qual i ty ob j e c t ive s of the pro j e c t . The checks a m p l e shou ld be a well characterized soil s a m p l e f r o m the site that is r epr e s en ta t iv e of s i te s a m p l e sin terms of p a r t i c l e size and degree of. homogenei ty and that contains contaminants atconcentrations near the action levels. If a s i t e- spec i f i c sample is not ava i lab l e , then an NIST or otherSRM that contains the analy t e s of interest can be used to v e r i f y the accuracy of the in s trument . Themeasured value for each target ana ly t e should be wi thin ±20 percent (%D) of the true value for thecal ibrat ion verification check to be acceptable. If a measured value falls out s ide this range, then thecheck s a m p l e should be reanalyzed. If the value continues to fall ou t s i d e the acceptance range, theinstrument should be re ca l ibrat ed , and the batch of s a m p l e s analyzed be fore the unacc ep tab l eca l i b ra t i on ver i f i ca t i on check must be reanalyzed.
9.5 Precis ion Measurements: The precision of the method is monitored by a n a l y z i n g as a m p l e with low, moderate, or h igh concentrations of target analyte s . The frequency of preci s ionmeasurements will depend on the da ta q u a l i t y ob j e c t ive s for the data. A minimum of one preci s ions a m p l e should be run per day. Each precision sampl e should be analyzed 7 times in repl i cate . Itis recommended that preci s ion measurements be obtained for s a m p l e s with varying concentrationranges to assess the e f f e c t of concentrat ion on method prec i s ion. D e t e r m i n i n g method prec i s ionfor a n a l y t e s at c onc en t ra t i on s near the site ac t ion l ev e l s can be ex tremely i m p o r t a n t if the FPXRFr e s u l t s are to be used in an enforcement act ion; t h e r e f o r e , s e lec t ion of at least one s a m p l e withtarget analyte concentrations at or near the site action leve l s or levels of concern is recommended.A preci s ion s a m p l e i s ana lyzed by the in s t rument for the same field a n a l y s i s t ime as used for o therp r o j e c t s ampl e s . The relative s tandard deviation ( R S D ) of the s a m p l e mean is used to assessmethod precision. For FPXRF data to be considered adequat e ly precise, the RSD should not begreater than 20 percent wi th the e x c ep t i on of chromium. RSD value s for chromium s h o u l d not begreater than 30 percent.

The equation for c a l c u l a t i n g RSD i s a s f o l l o w s :
RSD = ( S D / M e a n C o n c e n t r a t i o n ) x 100
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where:
RSD = Relative standard deviation for the prec i s ion measurement for thea n a l y t eSD = S t a n d a r d deviat ion of the concentration for the ana ly t eMean Concentra t ion = Mean concentration for the analyt e

The prec i s ion or r e p r o d u c i b i f i t y of a measurement wi l l improve with increas ing count t ime,however, increasing the count time by a f a c t o r of 4 will provide only 2 times better pr e c i s i on , so thereis a point of d i m i n i s h i n g return. I n c r e a s i n g the count time also improve s the d e t e c t i o n l i m i t , butdecreases s a m p l e t h r o u g h p u t .
9.6 Detection Limi t s : Result s f or r e p l i c a t e analyse s o f a l ow-concen tra t i on s a m p l e , SSCS,or SRM can be used to generate an average s i t e - s p e c i f i c method de t ec t ion and quant i sa t ion l i m i t s .In this case, the method detec t ion l imi t is d e f i n e d as 3 times the s tandard devia t ion of the r e su l t s forthe low-concentration sampl e s and the method q u a n t i t a t i o n l imi t is d e f i n e d as 10 t imes the s t a n d a r ddeviat ion of the same results. Another means of d e t ermining method de t e c t ion and q u a n t i t a t i o nl imi t s involves u s e o f count ing statis t ics . In FPXRF analys i s , the s tandard d ev ia t i on f r o m c o u n t i n gstat i s t i c s is d e f i n e d as SD = (N)5 4, where SD is the s tandard d ev ia t i on for a target a n a l y t e peak andN is the net counts for the peak of the analyte of interest (i.e., gross counts minus background underthe peak). Three times this s tandard deviation would be the method de t e c t ion l imit and 10 times th i ss t a n d a r d d e v i a t i o n would be the method q u a n t i t a t i o n l i m i t . If both o f the above ment ioneda p p r o a c h e s are used to ca l cu la t e method detect ion l i m i t s , the larger of the s tandard d ev ia t i on sshou ld be used to provide the more conservative de tec t ion l imi t s .

T h i s SD based detect ion l imi t criteria must be used by the operator to evaluate eachmeasurement for its u seabi l i ty. A measurement above the average c a l c u l a t e d or m a n u f a c t u r e r ' sdetection limit, but s m a l l e r than three t imes its associated SD, s h o u l d not be used as a q u a n t i t a t i v emeasurement. Conversely, if the measurement is below the average c a l c u l a t e d or m a n u f a c t u r e r ' sdetection l i m i t , but greater than three times its associated SD. It s hou ld be coded as an estimatedvalue.
9.7 C o n f i r m a t o r y S a m p l e s : The c o m p a r a b i l i t y of the FPXRF a n a l y s i s i s de t ermined bys u b m i t t i n g F P X R F - a n a l y z e d s ampl e s for analysi s at a laboratory. The method of c on f i rmatorya n a l y s i s must meet the p r o j e c t and XRF measurement data q u a l i t y object ives. The con f i rmatorys a m p l e s must be s p l i t s of the well homogenized s a m p l e material. In some cases the p r e p a r e ds a m p l e cups can be submit t ed . A minimum of 1 s ampl e for each 20 F P X R F - a n a l y z e d s a m p l e sshould be submitted for confirmatory analysis. T h i s frequency will d epend on data q u a l i t y ob j ec t ive s .The c o n f i r m a t o r y analyses can also be used to ver i fy the q u a l i t y of the FPXRF data. Thec o n f i r m a t o r y s a m p l e s should be se lected f r om the lower, m i d d l e , and u p p e r range of concentrat ionsmeasured by the FPXRF. T h e y should also i n c l u d e sampl e s with analyt e concentrations at or nearthe site act ion level s . The re su l t s o f the c o n f i r m a t o r y a n a l y s i s and FPXRF analy s e s s h o u l d beevaluated with a least squares l inear regression analysis. If the measured concentrations span morethan one order of magni tude , the data shou ld be log-transformed to s tandard iz e variance which isp r o p o r t i o n a l to the magni tude o f measurement. The correlat ion c o e f f i c i e n t (r 2 ) for the r e s u l t s s h o u l dbe 0.7 or greater for the FPXRF data to be considered screening level data. If the r2 is 0.9 or greaterand i n f e r e n t i a l s t a t i s t i c s ind i ca t e the FPXRF data and the c o n f i r m a t o r y data are s t a t i s t i c a l l ye q u i v a l e n t at a 99 percent c o n f i d e n c e l e v e l , the da ta could p o t e n t i a l l y meet d e f i n i t i v e level da tacriteria.
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10.0 C A L I B R A T I O N A N D S T A N D A R D I Z A T I O N
10.1 I n s t r u m e n t C a l i b r a t i o n : I n s t r u m e n t c a l i b r a t i o n procedures vary among FPXRFinstruments. Users of thi s method should f o l l o w the ca l ibrat ion procedures o u t l i n e d in the operator' smanua l f o r each s p e c i f i c F P X R F ins trument . G e n e r a l l y , however, three t y p e s o f c a l i b r a t i o n 'procedures exist for FPXRF instruments: FP calibration, empirical c a l i b r a t i o n , and the C o m p t o n peakratio or normal iza t i on method. T h e s e three type s of ca l i b ra t i on are discussed below.
10.2 F u n d a m e n t a l Parameters Calibrat ion: FP calibration procedures are extremely variable.An FP ca l i b ra t i on provides the analyst with a "standardless" ca l i b ra t i on . The advantage s o f FPca l i bra t i on s over empir i ca l ca l ibrat ions inc lude the f o l l o w i n g :

No p r e v i o u s l y co l l e c t ed s i t e - sp e c i f i c s a m p l e s ar e required, a l t h o u g hs i t e - s p e c i f i c s a m p l e s with conf irmed and v a l i d a t e d a n a l y t i c a l re su l t s f o r a l le l ement s present could be used.
Cost is reduced because fewer con f i rmatory laboratory re sul t s or c a l i b r a t i o ns t a n d a r d s are required.

However, the analyst should be aware of the l i m i t a t i o n s imposed on FP c a l i b r a t i o n by p a r t i c l esize and matrix e f f e c t s . The s e l i m i t a t i o n s can be minimized by adher ing to the p r e p a r a t i o nprocedure described in S e c t i o n 7.2. The two FP c a l i b r a t i o n proces se s d i s cus s ed below are basedon an e f f e c t i v e energy FP routine and a back scatter with FP (BFP) routine. Each FPXRF FPcalibration process is based on a d i f f e r e n t iterative a lgor i thmic method. The ca l i bra t i on procedurefor each routine is e xp la ined in detail in the m a n u f a c t u r e r ' s user manual for each FPXRF i n s t r u m e n t ;in a d d i t i o n , t r a i n i n g courses are o f f e r e d for each ins trument .
10.2.1 E f f e c t i v e Energy FP Cal ibrat ion: The e f f e c t i v e energy FP c a l i b r a t i o n i sp e r f o r m e d by the m a n u f a c t u r e r be fore an in s trument i s sent to the a n a l y s t . A l t h o u g h SSCScan be used, the calibration relies on pure element s tandards or SRMs such as those obtainedf r o m NIST for th e FP cal ibrat ion. The e f f e c t i v e energy routine relies on th e spec trometerr e spon s e to pure e l emen t s and FP i terat ive a l g o r i t h m s to c ompensa t e for various matrixe f f e c t s .

Alpha c o e f f i c i e n t s are ca l cu la t ed using a variation of the Sherman equation, whichc a l c u l a t e s t h eor e t i ca l in t en s i t i e s f r o m the measurement o f pure e lement s a m p l e s . T h e s ec o e f f i c i e n t s ind i ca t e the quant i ta t ive e f f e c t of each matrix element on an analyte's measuredx-ray intens i ty. N e x t , the Lachance Traill a l g o r i t h m is solved as a set of s imu l taneou sequa t i on s based on the t h e or e t i ca l i n t e n s i t i e s . The a l p h a c o e f f i c i e n t s are t h en d o w n l o a d e di n t o t h e s p e c i f i c instrument.
The working e f f e c t i v e energy FP cal ibra t ion curve must be ver i f i ed be fore s a m p l eanalys i s begins on each working day, a f t e r every 20 s a m p l e s are a n a l y z e d , and at the end ofs a m p l i n g . T h i s v er i f i ca t i on i s per formed by ana lyz ing either an NIST SRM or an SSCS that i srepresentative of the s i t e- spec i f i c samples. T h i s SRM or SSCS serves as a ca l i b ra t i on check.A manufacturer-recommended count time per source shou ld be used for the c a l i b r a t i o n check.The analys t must then a d j u s t the y-intercept and s l o p e of the c a l i b r a t i o n curve to best fi t theknown concentrations of target analyte s in the SRM or SSCS.
A percent d i f f e r e n c e (%D) is then c a l c u l a t e d for each targe t a n a l y t e . The %D s h o u l dbe w i t h i n ±20 percent of the c e r t i f i e d value for each anaiy t e . If the %D falls ou t s ide thi sacceptance range, then the ca l i bra t i on curve should be a d j u s t e d by varying the s l o p e of the
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l ine or the y-intercept value for the analyte. The SRM or SSCS is reanalyzed unti l the %D fallsw i t h i n ±20 percent. The group of 20 s a m p l e s analyzed before an ou t-o f- contro l c a l i b r a t i o ncheck shou ld be r eanalyzed .
The equat ion to cal ibrate %D is as f o l l o w s :
%D = ( ( C s - C k ) / C k ) x 1 0 0
where:
%D = Percent d i f f e r e n c eC k = C e r t i f i e d concentration o f s tandard s a m p l eC s = Measured concentrat ion of s tandard s a m p l e

10.2.2 BFP C a l i b r a t i o n : BFP cal ibrat ion relies on the a b i l i t y of the l i q u i d nitrogen-c oo l ed , Si(Li) so l id-s tate detector to separate the coherent ( C o m p t o n ) and incoherent( R a y l e i g h ) backscat t er peaks of pr imary radia t i on. T h e s e p eak i n t e n s i t i e s are known to be af u n c t i o n of s a m p l e compos i t i on, and the ratio of the C o m p t o n to Rayle igh peak is a f u n c t i o nof the mass ab sorpt ion of the sample . The ca l i bra t i on procedure is e xp la ined in d e ta i l in theinstrument m a n u f a c t u r e r ' s manual. F o l l o w i n g i s a general d e s c r i p t i o n of the BFP c a l i b r a t i o nprocedure .
The concentrations of all detected and q u a n t i f i e d e lements are entered into thec o m p u t e r s o f t w a r e system. C e r t i f i e d e lement re sul t s f or an NIST SRM or c o n f i r m e d andva l ida t ed results for an SSCS can be used. In a d d i t i o n , the concentrations of oxygen ands i l icon must be entered; these two concentrations are not f o u n d in s tandard metals analyse s .The m a n u f a c t u r e r provides s i l icon and oxygen concentrat ions for t y p i c a l soil types . Pureelement s t a n d a r d s are then analyzed u s ing a manufac turer-recommended count time persource. The result s are used to ca l cu la t e correction fa c t o r s in order to a d j u s t for spectrumoverlap of elements.
The working BFP calibration curve must be ver i f i ed b e f or e s a m p l e analy s i s begins oneach working day, a f t e r every 20 sample s are a n a l y z e d , and at the end of the analysi s . T h i sver i f i ca t i on i s p e r f o r m e d by a n a l y z i n g either an NIST SRM or an SSCS that i s r epr e s en ta t iv eof the s i t e- spec i f i c samples. This SRM or SSCS serves as a ca l ibrat ion check. The s tandards a m p l e is analyzed using a manufacturer-recommended count time per source to check theca l i b ra t i on curve. The analys t must then ad ju s t the y-intercept and s l o p e of the c a l i b r a t i o ncurve to best f i t the known concentrat ions of target a n a l y t e s in the SRM or SSCS.
A %D is then calculated for each target analyte. The %D shou ld fall w i th in ±20 percentof the c e r t i f i e d value for each a n a l y t e . If the %D fal l s o u t s i d e thi s a c c ep tance range , then thec a l i b r a t i o n curve s h o u l d be a d j u s t e d by varying the s l o p e of the l i n e the y-intercept va lue forthe analyte . The s tandard s a m p l e is reanalyzed until the %D falls within ±20 percent. Thegroup of 20 sample s analyzed before an out-of-control ca l i bra t ion check shou ld be reanalyzed.

10.3 Empirical Calibration: An empirical calibration can be per formed with SSCS, s i t e - typ i ca ls tandards , or s t andard s prepared f rom metal oxides. A discuss ion of SSCS is i n c l u d e d in S e c t i o n7.2; if no pr ev i ou s ly characterized s a m p l e s exist for a s p e c i f i c site, s i t e- typi ca l s t a n d a r d s can beused. S i t e - t y p i c a l s t andard s may be selected f r om commerc ia l ly ava i lab l e characterized s o i l s orf r o m S S C S prepared f o r another site. T h e s i t e- typica l s t a n d a r d s shou ld c l o s e l y a p p r o x i m a t e t h es i t e ' s soil matr ix with respect t o p a r t i c l e size d i s t r i b u t i o n , m i n e r a l o g y , a n d c o n t a m i n a n t ana ly t e s . I fn e i t h e r SSCS nor s i t e - t y p i c a l s t a n d a r d s are a v a i l a b l e , i t i s p o s s i b l e t o make g r a v i m e t r i c s t a n d a r d s
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by add ing metal oxides to a "clean" sand or s i l i con d i o x i d e matrix that s imula t e s soil . M e t a l oxidescan be purchased from various chemical vendors. If s tandards are made on site, a balance c a p a b l eof w e i g h i n g items to at least two decimal p lace s is required. Concentrated ICP or AA s tandards o l u t i o n s can also be used to make s tandards . T h e s e s o l u t i o n s are a v a i l a b l e in concentrations of10,000 p a r t s per m i l l i o n , thus on ly s m a l l volumes have to be a d d e d to the so i l .
An empirical cal ibrat ion using SSCS involves a n a l y s i s o f SSCS by the FPXRF ins trument andby a conventional analyt i ca l method such as ICP or AA. A total acid d i g e s t i o n procedure s h o u l d beused by the laboratory for s a m p l e preparat ion. G e n e r a l l y , a minimum of 10 and a maximum of 30well characterized SSCS, si te-typical s t a n d a r d s , or prepared metal oxide s t a n d a r d s are required top e r f o r m an adequate empirical ca l ibrat ion. The number of required s tandard s d e p e n d s on thenumber of analyte s of interes t and i n t e r f e r i n g e l ement s . T h e o r e t i c a l l y , an e m p i r i c a l c a l i b r a t i o n wi thSSCS should provide the most accurate data for a site because the cal ibrat ion compensate s for site-s p e c i f i c matrix e f f e c t s .
The f i r s t s t ep in an empirical ca l ibrat ion is to analyze the pure element s t a n d a r d s for theelements of interest. T h i s enables the instrument to set channel l i m i t s for each element for spec tra ldeconvo lu t i on. Next the SSCS, s i t e- typical s t andard s , or prepared metal oxide s t a n d a r d s area n a l y z e d u s ing a count time of 200 seconds per source or a count time recommended by themanufacturer. This will produce a spectrum and net intens i ty of each analyte in each s tandard. Thea n a l y t e c onc en tra t i on s for each s tandard are then entered into the ins trument s o f t w a r e ; theseconcentrations are those obtained f rom the laboratory, the c e r t i f i e d re sul t s , or the g r a v i m e t r i c a l l ydetermined concentra t ions of the prepared s tandard s . This gives the ins trument a n a l y t e values toregress against corre sponding intens i t i e s during the m o d e l i n g stage. The regression equationcorrelates the concentrations of an analyt e with its net intens i ty.
The calibration equation is d ev e l op ed using a least squares fit regression analysi s . After thsregression terms to be used in the equation are d e f i n e d , a mathematical equation can be d e v e l o p e dto ca l cu la t e the analyte concentration in an unknown sample . In some FPXRF instruments , thes o f t w a r e of the instrument ca l cu la t e s the regression equation. The s o f tware uses c a l c u l a t e din t e r c ep t and s l o p e values to f o rm a m u l t i t e r m equation. In c on junc t i on with the so f tware in thein s t rumen t , the opera tor can a d j u s t the m u l t i t e r m equat ion to minimize in t er e l ement i n t e r f e r e n c e sand op t imize the in t en s i ty cal ibrat ion curve.
It is po s s ib l e to d e f i n e up to six linear or nonlinear terms in the regression equation. Terms canbe added and deleted to optimize the equation. The goal is to produce an equat ion with the s m a l l e s tregression error and the highes t correlation c o e f f i c i e n t . T h e s e values are a u t o m a t i c a l l y computedby the s o f tware as the regression terms are added , d e l e t e d , or m o d i f i e d . It is also p o s s i b l e to d e l e t ed a t a p o i n t s f r o m the regression l ine if these p o i n t s are s i g n i f i c a n t outliers or if they are h eav i lyweighing the data. Once the regression equation has been selected for an analyte , the equation canbe entered into the s o f tware for q u a n t i t a t i o n of anaiyte s in subsequent s a m p l e s . For an e m p i r i c a lcalibration to be acceptable, the regression equation for a s p e c i f i c analy t e shou ld have a correlationc o e f f i c i e n t of 0.98 or greater or meet the DQOs of the p r o j e c t .

In an empirical ca l i b ra t i on , one must a p p l y the DQOs of the pro j e c t and ascertain cr i t i ca l oraction level s for the anaiytes of interest. It is within these concentration ranges or around theseaction levels that the FPXRF instrument should be calibrated most accurately. It may not be p o s s i b l eto d e v e l o p a good regress ion equation over several orders of analyte concentration.

CD-ROM 6200-15 Revi s i on 0J a n u a r y 1998



10.4 C o m p t o n N o r m a l i z a t i o n M e t h o d : The C o m p t o n normal iza t i on method is based onanalys i s of a s i n g l e , c er t i f i ed standard and normal iza t ion for the C o m p t o n peak. The C o m p t o n peakis produced from incoherent backscattering of x-ray rad ia t i on f r om the exc i tat ion source and ispr e s en t in the spectrum of every sample . The C o m p t o n peak int ens i ty changes with differingmatrices. G e n e r a l l y , matrices dominated by l i g h t e r e lements produce a larger C o m p t o n peak, andtho s e d o m i n a t e d by heavier elements produce a s m a l l e r C o m p t o n peak. N o r m a l i z i n g to theC o m p t o n peak can reduce prob l ems with varying matrix e f f e c t s among sample s . C o m p t o nn o r m a l i z a t i o n is s imilar to the use of internal s tandards in organics analysi s . The C o m p t o nnormal izat ion method may not be e f f e c t i v e when analy t e concentrations exceed a few percent.
The c er t i f i ed standard used for this t y p e of cal ibration could be an NIST SRM such as 2710 or2711. The SRM must be a matrix s i m i l a r to the s ampl e s and must contain the ana ly t e s of intere s t sat concentrations near those expected in the samples . First, a response f a c t o r has to be de t erminedfor each analyte . T h i s f a c t o r is c a l c u l a t e d by d i v i d i n g the net peak intens i ty by the ana ly t econcentration. The net peak in t en s i ty is gross intens i ty corrected for basel ine i n t e r f e r e n c e .Concentrat ions of analyte s in sampl e s are then determined by m u l t i p l y i n g the baseline correctedanalyt e signal int ens i ty by the normalizat ion f a c t o r and by the re sponse fa c t or . The n o r m a l i z a t i o nfa c t or is the quotient of the baseline corrected Compton !<„ peak in t en s i ty of the SRM d i v i d e d by thatof the sample s . D e p e n d i n g on the FPXRF instrument used, these c a l c u l a t i o n s may be d o n em a n u a l l y or by the instrument so f tware.

11.0 PROCEDURE
11.1 Operation of the various FPXRF instruments wi l l vary according to the m a n u f a c t u r e r s 'protocols . Before operat ing any FPXRF ins t rument , one should consult the m a n u f a c t u r e r ' s m a n u a l .Most manufacturers recommend that the ir instruments be allowed to warm up for 15 to 30 minutesbe fore a n a l y s i s of s amp l e s . T h i s wil l h e l p a l l e v i a t e dri f t or energy cal ibrat ion prob l ems l a t e r on inanalysis.
11.2 Each FPXRF instrument should be operated according to the m a n u f a c t u r e r ' srecommendations. There are two modes in which FPXRF instruments can be operated: in situ andintrusive. The in situ mode involves analysi s of an undisturbed soil sediment or s ampl e . I n t r u s i v eanalys i s involves c o l l e c t i on and pr epara t i on of a soil or sediment s a m p l e be fore analys i s . SomeFPXRF instruments can operate in both modes of analy s i s , while others are des igned to operate inonly one mode. The two modes of analys i s are discussed below./"^"Ni/,A [og. QjjAjsiX. r3TwT(U?si i)*. j11.3/ For in situ analys i s , one requirement is that any large or nonrepresentative debris beremoved from the soil sur face b e fore analys i s . T h i s debris i n c l u d e s rocks, p e b b l e s , l eaves ,v e g e t a t i o n , roots, and concrete. Another requirement is that the soil sur face be as smooth asp o s s i b l e so that the probe window will have good contact with the sur face . T h i s may require somel eve l ing of the surface with a s ta inle s s- s t ee l trowel. During the s tudy conducted to provide data forthi s method, th i s modest amount of s a m p l e p r e p a r a t i o n was f o u n d to take l e s s t han 5 minutes pers a m p l e location. The las t requirement is that the soil or sediment not be saturated with water.M a n u f a c t u r e r s state that the ir FPXRF instruments w i l l p e r f o r m a d e q u a t e l y f o r s o i l s with mois turecontents of 5 to 20 percent but wil l not p e r f o r m well for saturated s o i l s , e s p e c i a l l y if p o n d e d waterex i s t s on the sur fac e . A n o t h e r recommended t e chnique for in situ a n a l y s i s is to t a m p the soil toincrease soil dens i ty and compactness for better r e p e a t a b i l i t y and representativeness . T h i sc o n d i t i o n is e s p e c i a l l y impor tant for heavy element a n a l y s i s , such as barium. Source count t imesfor in situ a n a l y s i s u s u a l l y range f rom 30 to 120 seconds, but source count times wi l l vary amongins truments and d e p e n d i n g on required d e t e c t i on l i m i t s .
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11.4 For intrusive a n a l y s i s of s u r f a c e or s e d i m e n t , it is recommended that a s a m p l ec o l l e c t e d from a 4- by 4-inch square that is 1 inch deep. T h i s w i l l produce a soil s a m p l e ofapprox imat e ly 375 grams or 250 cm3, which is enough soil to fill an 8-ounce jar . The s a m p l e s hou ldbe homogenized, dr i ed , and ground be fore analys i s . The s a m p l e can be homogenized b e f or e ora f t e r d r y i n g . The h o m o g e n i z a t i o n t e chnique to be used a f t e r d r y i n g i s di scus sed in S e c t i o n 4.2. Ifthe s a m p l e is homogenized b e f o r e d r y i n g , it shou ld be t h o r o u g h l y mixed in a beaker or s i m i l a rcontainer, or if the s ampl e is moist and has a h i g h clay content, it can be kneaded in a p l a s t i c bag.One way to monitor homogenizat ion when the s a m p l e is kneaded in a p l a s t i c bag is to add sodium >f l u o r e s c e i n dye to the sample . After the moist s a m p l e has been h o m o g e n i z e d , it is examined under? Ia n u l t r a v i o l e t l i g h t t o assess t h e d i s t r i b u t i o n o f s o d i u m f l u o r e s c e i n t h r o u g h o u t t h e s a m p l e . I f t h ef l uor e s c en t dye is evenly d i s t r ibu t ed in the s a m p l e , homogen iza t i on is considered c o m p l e t e ; if thedye is not evenly d i s t r i b u t e d , mixing should continue unt i l the s a m p l e has been t h o r o u g h l yhomogenized. During the s tudy conducted to provide d a t a for th i s m e t h o d , the h o m o g e n i z a t i o nprocedure u s ing the f l u o r e s c e i n dye required 3 to 5 minute s per s a m p l e . As d e m o n s t r a t e d inS e c t i o n s 13.5 and 13.7, homogeniza t ion has the greatest impact on the reduct ion of s a m p l i n gvar iab i l i ty . It produce s little or no contamination. O f t e n , it can be used without the more laborintensive s t e p s of d r y i n g , g r i n d i n g , and sieving given in S e c t i o n s 11.5 and 11.6. Of course, toachieve the best da ta q u a l i t y p o s s i b l e all f o u r s t ep s must be f o l l o w e d .
11.5 Once the soil or sediment sample has been homogenized, it shou ld be dried. T h i s canbe accompl i shed with a toaster oven or convection oven. A smal l a l iquot of the s a m p l e (20 to 50grams) is p l a c e d in a su i tab l e conta iner for drying. The s a m p l e s h o u l d be dried for 2 to 4 hours inthe convection or t oa s t e r oven at a t emperature not greater than 150°C. Microwave d r y i n g is nota recommended procedure. Field studies have shown that microwave d r y i n g can increase v a r i a b i l i t ybetween the FPXRF data and conf irmatory analys i s . High level s of metals in a s a m p l e can causearcing in the microwave oven, and sometimes s l a g f orms in the s a m p l e . Microwave oven d r y i n g can^also melt p l a s t i c containers used to ho ld the s ampl e .
11.6 The homogenized dried sample material should be ground with a mortar and p e s t l e and"pa s s ed t h r o u g h a 60-mesh sieve to achieve a u n i f o r m p a r t i c l e size. S a m p l e g r i n d i n g shouldcontinue unti l at leas t 90 percent of the or iginal s a m p l e pas s e s t h r o u g h the sieve. The g r i n d i n g s t e pnormally takes an average of 10 minutes per sampl e . An al iquot of the sieved s a m p l e should thenbe p la c ed in a 31 0-mm p o l y e t h y l e n e s a m p l e cup (or equ iva l en t) for analysi s . The s a m p l e cupshould be one-hal f to three-quarters full at a minimum. The s a m p l e cup shou ld be covered with a2.5 um M y l a r (or equivalent) film for analys i s . The rest of the soil s a m p l e s h o u l d be p l a c e d in a j a r ,lab e l ed , and archived for po s s ib l e conf irmat ion analys i s . All equipment i n c l u d i n g the mortar, p e s t l e ,and sieves must be t h o r o u g h l y cleaned so that any cross-contamination is below the M D L s of t h e vprocedure or DQOs of the a n a l y s i s .

12.0 D A T A A N A L Y S I S A N D C A L C U L A T I O N S
Most FPXRF instruments have s o f tware c a p a b l e o f s toring al l a n a l y t i c a l r e su l t s and spectra. Theresul t s are d i s p l a y e d in part s per m i l l i o n and can be d o w n l o a d e d to a PC, which can prov id e a hardcopy printout . Individual measurements that are s m a l l e r than three times the ir associated SD s h o u l dnot be used for quan+itation.
13.0 M E T H O D P E R F O R M A N C E

13.1 T h i s section discusses f o u r p er f ormance f a c t o r s , f i e l d - b a s e d method d e t e c t i on l i m i t s ,p r e c i s i on , accuracy, and c o m p a r a b i l i t y to E P A - a p p r o v e d methods . The numbers pre sented inT a b l e s 4 t h r o u g h 9 were generated f r o m d a t a ob ta ined f r o m s i x FPXRF i n s t r u m e n t s . The soils a m p l e s analyzed by the s ix FPXRF i n s t r u m e n t s were c o l l e c t e d f r o m two s i t e s in the U n i t e d S t a t e s .
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The soil s ampl e s contained several of the target ana ly t e s at concentrat ions ranging f r om nondetec tto tens of t h o u s a n d s of mg/kg .
13.2 The six FPXRF instruments included the TN 9000 and TN Lead A n a l y z e r m a n u f a c t u r e dby TN Spec trace; the X-MET 920 with a SiLi de t e c tor and X-MET 920 with a g a s - f i l l e d p r o p o r t i o n a lde t ec tor manufac tur ed by Metorex, Inc .; th e XL S p e c t r u m A n a l y z e r m a n u f a c t u r e d by Niton; and th eMAP S p e c t r u m A n a l y z e r manufac tured by Sci t e c . The TN 9000 and TN Lead Analyzer both havea Hgl 2 detector. The TN 9000 u t i l i z e d an F e - 5 5 , Cd-109, and Am-241 source. The TN LeadA n a l y z e r had on ly a Cd-109 source. The X-Met 920 with the SiLi detec tor had a Cd-109 and Am-241source. The X-MET 920 with the g a s - f i l l e d p r o p o r t i o n a l detector had only a Cd-109 source. The XLSpec t rum A n a l y z e r util ized a s i l i con p i n - d i o d e detec tor and a Cd-109 source. The MAP S p e c t r u mA n a l y z e r u t i l i z e d a s o l i d - s t a t e s i l i c o n d e t e c t o r and a Cd-109 source.
13.3 All data presented in T a b l e s 4 through 9 were generated using the f o l l o w i n g c a l i b r a t i o n sand source count times. The TN 9000 and TN Lead A n a l y z e r were ca l ibra t ed u s ing f u n d a m e n t a lparameters using NIST SRM 2710 as a calibration check sample . The TN 9000 was operated using100, 60, and 60 second count times for the Cd-109, Fe-55, and Am-241 sources, re spec t ively. TheTN Lead analyzer was operated using a 60 second count time for the Cd-109 source. The X-MET920 with the Si(Li) detector was calibrated using f u n d a m e n t a l parameters and one well characterizeds i t e - sp e c i f i c soil s tandard as a ca l ibra t ion check. It used 140 and 100 second count times for theCd-109 and Am-241 sources, respectively. The X-MET 920 with the g a s - f i l l e d p r o p o r t i o n a l d e t e c t o rwas calibrated e m p i r i c a l l y using between 10 and 20 well characterized s i t e - s p e c i f i c soil s t andard s .It used 120 second times for the Cd-109 source. The XL S p e c t r u m Analyzer u t i l ized NIST SRM 2710for calibration and the C o m p t o n peak normalizat ion procedure for q u a n t i t a t i o n based on 60 secondcount times for the Cd-109 source. The MAP S p e c t r u m A n a l y z e r was i n t e r n a l l y c a l i b r a t e d by themanufac turer . The ca l i bra t ion was checked using a well-characterized s i t e - s p e c i f i c soil s t a n d a r d .It used 240 second times for the Cd-109 source.
13.4 Fie ld-Based M e t h o d Detection Limit s: The f i e l d - b a s e d method detec t ion l i m i t s arepresented in T a b l e 4. The f i e l d - b a s e d method detec t ion l i m i t s were determined by c o l l e c t i n g tenr e p l i c a t e measurements on s i t e - s p e c i f i c soil s a m p l e s with m e t a l s c onc en tra t i on s 2 to 5 t ime s theexpected method detection limits . Based on these ten replicate measurements, a s tandard d e v i a t i o non the r ep l i ca t e analys i s was ca l cu la t ed . The method de t e c t ion l imi t s presented in T a b l e 4 ared e f i n e d as 3 times the s tandard d e v i a t i o n for each anatyte.

The f i e l d - b a s e d method de t e c t ion l imi t s were generated by using the count times discussedearlier in thi s section. All the f i e l d - b a s e d method de t e c t i on l i m i t s were c a l c u l a t e d for soil s a m p l e sthat had been dried and ground and placed in a sample cup with the except ion of the MAP S p e c t r u mAnalyzer . T h i s instrument can on ly be operated in the in situ mode, meaning the s a m p l e s weremoist and not ground.
Some of the ana ly t e s such as cadmium, mercury, silver, s e l enium, and thorium were notdetected or only de tec t ed at very low concentra t i on s such that a f i e l d - b a s e d method d e t e c t i o n l i m i tc o u l d not be d e t e rmined . T h e s e a n a l y t e s are not presented in T a b l e 4. Other a n a l y t e s such ascalcium, iron, potas s ium, and titanium were only f o u n d at high concentrations ( t h o u s a n d s of m g / k g )so that reasonable method de t e c t ion l i m i t s could not be c a l c u l a t e d . T h e s e analyte s a l so are notpresented in T a b l e 4.
13.5 Precision Measurements: The precision data is presented in T a b l e 5. Each of the sixFPXRF ins trument s p e r f o r m e d 10 r e p l i c a t e measurements on 12 soil s a m p l e s that had a n a l y t econcentrat ions ranging f r o m nondetec t s to t hou sand s of m g / k g . Each of the 12 soil s a m p l e sunderwent 4 d i f f e r e n t p r e p a r a t i o n t echniques f r o m in situ (no p r e p a r a t i o n ) to dried and ground in a
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s a m p l e cup. T h e r e f o r e , there were 48 p r e c i s i o n d a t a p o i n t s for f i v e of the i n s t r u m e n t s and 24prec i s ion p o i n t s f o r t h e MAP S p e c t r u m Analyzer. The r e p l i c a t e measurement s were taken u s i n g th esource count t imes d i s cu s s ed at the b eg inn ing of th i s section.
For each d e t e c t a b l e ana ly t e in each prec i s ion s a m p l e a mean concentrat ion, s t andarddeviat ion, and RSD was ca l cu la t ed for each analyte . The data presented in T a b l e 5 is an averageRSD for the pr e c i s i on s a m p l e s that had analyte concentrations at 5 to 10 times the MDL for thatanaly t e for each instrument. S o m e analyt e s such as mercury, s e l en ium, s i lver, and thor ium werenot detected in any of the precision s a m p l e s so these analy t e s are not l i s t e d in T a b l e 5. S o m eanalytes such as cadmium, ni cke l , and tin were o n l y detec ted at concentrat ions near the M D L s sothat an RSD value c a l c u l a t e d at 5 to 10 t imes the MDL was not p o s s i b l e .
One FPXRF ins trument c o l l e c t e d r e p l i c a t e measurements on an a d d i t i o n a l nine so i l s a m p l e sto p r o v i d e a better assessment of the e f f e c t of s a m p l e p r e p a r a t i o n on prec i s ion. T a b l e 6 showsthese re sul t s . The a d d i t i o n a l nine soi l s a m p l e s were compri s ed of three f r o m each texture and hadana ly t e concentrations ranging f rom near the d e t e c t i on l i m i t of the FPXRF analyzer to t hou sand s ofm g / k g . The FPXRF analyzer only co l l e c t ed r ep l i ca t e measurements f rom three o f th e p r e p a r a t i o nm e t h o d s ; no measurements were col l ec t ed f rom the in situ homogenized sample s . The FPXRFanalyzer conducted f iv e repl icate measurements of the in situ field sampl e s by t a k i n g measurementsat f iv e d i f f e r e n t po int s within the 4-inch by 4-inch sampl e square. Ten r e p l i c a t e measurements werec o l l e c t e d for both the intrusive undried and unground and intrusive dried and ground s a m p l e scontained in cups. The cups were shaken between each r e p l i c a t e measurement.

T a b l e 6 shows that the pr e c i s i on d r a m a t i c a l l y improved f r o m the in s i tu to the i n t r u s i v emeasurements. In general there was a s l i g h t improvement in pre c i s i on when the s a m p l e was d r i e dand ground. Two f a c t o r s caused the precision for the in situ measurements to be poorer. The m a j o rf a c t o r is soil heterogeneity. By moving the probe w i t h i n the 4-inch by 4-inch square, measurementsof d i f f e r e n t soil s ampl e s were a c t u a l l y taking p lac e within the square. T a b l e 6 i l l u s t r a t e s thed o m i n a n t e f f e c t o f soil heterogeneity. It overwhelmed instrument precision when the FPXRFanalyzer was used in this mode. The second f a c t o r that caused the RSD values to be h i g h e r for thein situ measurements is the f a c t that only f ive versus ten r ep l i ca t e s were taken. A lesser numberof measurements caused the standard deviation to be larger which in turn elevated the RSD values.
13.6 A c c u r a c y Measur emen t s : F i v e o f the FPXRF ins trument s (not i n c l u d i n g the MAPS p e c t r u m A n a l y z e r ) analyzed 18 SRMs using the source count t imes and c a l i b r a t i o n me thod s g ivenat the b e g i n n i n g of t h i s section. The 18 S R M s i n c l u d e d 9 soil SRMs, 4 stream or river s ed imentSRMs, 2 s l u d g e SRMs, and 3 a sh S R M s . Each o f the SRMs conta ined known concen tra t i on s o fcertain target a n a l y t e s . A percent recovery was c a l c u l a t e d for each a n a l y t e in each SRM for eachFPXRF ins trument . T a b l e 7 pre s ent s a summary of th i s data. W i t h the e x c ep t i on of cadmium,chromium, and nickel, the values presented in T a b l e 7 were generated f rom the 13 soil and sedimentSRMs only. The 2 s l u d g e and 3 ash S R M s were inc luded for cadmium, chromium, and nickelbecause of the low or nonde t e c tab l e concentrations of these three a n a l y t e s in the soil and sedimentS R M s .
Only 12 analytes are presented in T a b l e 7. The s e are the a n a l y t e s that are of environmentalconcern and provided a s i g n i f i c a n t number of d e t e c t i on s in the S R M s for an accuracy asse s sment.N o data i s pr e s en t ed f o r t h e X - M E T 9 2 0 with t h e g a s - f i l l e d p r o p o r t i o n a l d e t e c t or . T h i s F P X R Finstrument was ca l ibrated e m p i r i c a l l y u s ing s i t e - s p e c i f i c soi l s a m p l e s . The perc en t recovery va lue sf r o m t h i s in s t rumen t were very s p o r a d i c and the da ta did not l end i t se l f to p r e s e n t a t i o n in T a b l e 7.
T a b l e 8 prov ide s a more d e t a i l e d summary o f accuracy da ta f or one FPXRF i n s t r u m e n t (TN9000) for the 9 soil SRMs and 4 sediment S R M s . T a b l e 8 shows the c e r t i f i e d va lu e , measured
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v a l u e , and percent recovery for f i v e ana ly t e s . T h e s e a n a l y t e s were chosen because th ey are ofenvironmenta l concern and were most p r e v a l e n t l y c e r t i f i e d for in the SRM and de t e c t ed by theFPXRF instrument. The f i r s t nine S R M s are soil and the las t 4 SRMs are s ed iment . Percentrecoveries for the f o u r MIST SRMs were o f t e n between 90 and 110 percent for a l l a n a l y t e s .
13.7 C o m p a r a b i l i t y : C o m p a r a b i l i t y refers to the c o n f i d e n c e with which one data set can becompared to another. In th i s case, FPXRF data generated f r o m a l a r g e s t u d y o f s i x FPXRFin s t rumen t s was compared to SW-846 M e t h o d s 3050 and 6010 which are the s tandard soilextraction for metals and analysi s by induc t i v e ly coupled plasma. An eva lua t i on of c o m p a r a b i l i t y wasconducted by using l i n e a r regression analys i s . Three f a c t o r s were de t ermined u s ing the l i n e a rregression. T h e s e f a c t o r s were the y- int erc ep t , the s l o p e of the l i n e , and the c o e f f i c i e n t ofd e t e rminat i on (r 2).

As part of the c omparab i l i ty assessment, the e f f e c t s of soil t y p e and p r e p a r a t i o n m e t h o d s weres tudied . Three soil types ( t e x t u r e s ) and f o u r p r e p a r a t i o n me thod s were examined d u r i n g the s t u d y .The p r e p a r a t i o n me thod s evaluated the cumula t iv e e f f e c t o f p a r t i c l e size, mo i s tur e , andhomogenization on comparabi l i ty . Due to the l arge volume of d a t a p r o d u c e d d u r i n g th i s s t u d y , l i n e a rregression da ta for s ix a n a l y t e s f r om o n l y one FPXRF instrument i s pr e s en t ed in T a b l e 9. S i m i l a rtrends in the data were seen for all ins truments .
T a b l e 9 shows the regression parameter s for the whole data set, broken out by soil t y p e , andby p r e p a r a t i o n method. The soil type s are as f o l l o w s : soil 1-sand; soil 2-loam; and soil 3-si!ty c lay.The p r e p a r a t i o n m e t h o d s are as f o l l o w s : p r e p a r a t i o n . 1-in s i tu in the f i e ld; p r e p a r a t i o n 2-in s i t u ,s a m p l e c o l l e c t e d and h o m o g e n i z e d ; p r e p a r a t i o n 3-intrusive, with s a m p l e in a s a m p l e cup buts a m p l e still wet and not ground; and pr epara t i on 4-samp!e dr i ed , g r o u n d , pas s ed t h r o u g h a 40-meshsieve, and p l a c e d in s a m p l e cup.
For arsenic, c o p p e r , l e a d , and zinc, the c o m p a r a b i l i t y to the c o n f i r m a t o r y labora t ory wasexcellent with r 2 values r a n g i n g f r om 0.80 to 0.99 for all s ix FPXRF ins trument s . The s l o p e s of theregression lines for arsenic, copper , l ead , and zinc, were g e n e r a l l y between 0.90 and 1.00 i n d i c a t i n gthe data would need to be corrected very little or not at all to match the c o n f i r m a t o r y l abora t ory data.The l v a l u e s and s l o p e s of the regression l i n e s for barium and chromium were not as good as forthe other for a n a l y t e s , i n d i c a t i n g the d a t a would have to be corrected to match the c o n f i r m a t o r ylabora tory.
T a b l e 9 demons trate s that there was l i t t l e e f f e c t o f soil t y p e on the regre s s ion parame t er s forany of the six analyt e s . The o n l y e x c e p t i o n s were for barium in soil 1 and c o p p e r in soil 3. In bothof these cases, however, it is a c t u a l l y a concentrat ion e f f e c t and not a soil e f f e c t c au s ing the poorercomparab i l i ty . All barium and c o p p e r concentrations in soil 1 and 3, r e s p e c t i v e l y , were le s s t h a n 350m g / k g .
T a b l e 9 shows there was a p r e p a r a t i o n e f f e c t on the regress ion paramet er s for all s ix a n a l y t e s .W i t h the e x c e p t i o n o f chromium, the regress ion paramet er s were p r i m a r i l y improved g o i n g f r o mp r e p a r a t i o n 1 to p r e p a r a t i o n 2. In thi s s t e p , the s a m p l e was removed f r o m the soi l s u r f a c e , al l l a r g edebris was removed, and the s a m p l e was t h o r o u g h l y homogenized . The a d d i t i o n a l two p r e p a r a t i o nm e t h o d s d i d l i t t l e t o improve t h e regression parameters. T h i s d a t a i n d i c a t e s t h a t h o m o g e n i z a t i o nis the most cr i t i ca l f a c t o r when c o m p a r i n g the result s . It i s e s s en t ia l t h a t the s a m p l e sent to thec o n f i r m a t o r y l abora t ory match the FPXRF s a m p l e a s c l o s e l y a s p o s s i b l e .
S e c t i o n 11.0 o f t h i s method d i s cu s s e s the t ime necessary for each of the s a m p l e p r e p a r a t i o nt echnique s . Based on the data q u a l i t y ob j e c t iv e s for the p r o j e c t , an a n a l y s t must d e c i d e if i t i s worthth e extra t ime required t o dry and g r i n d the s a m p l e f or s m a l l i m p r o v e m e n t s in c o m p a r a b i l i t y .
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Homogen iza t i on requires 3 to 5 minutes. Drying the sampl e requires one to two hours. G r i n d i n g ands i ev ing requires another 10 to 15 minutes per sample . L a s t l y , when g r i n d i n g and s ieving isc o n d u c t e d , time must be a l l o t t e d to de contaminat e the mortars, p e s t l e s , and sieves. Drying andgrinding the sample s and de contaminat ion procedures wi l l o f t e n d i c t a t e that an extra person be onsite so that the analyst can keep up with the sampl e c o l l e c t i o n crew. The cost of requir ing an extrap er s on on site to prepare s a m p l e s must be ba lanced with the gain in da ta q u a l i t y and s a m p l et h r o u g h p u t .
13.8 The f o l l o w i n g documents may provide a d d i t i o n a l gu idance and i n s i g h t on t h i s methodand technique:

13.8.1 H e w i t t , A.D. 1994. "Screening for M e t a l s by X-ray Fluor e s c en c eS p e c t r o m e t r y / R e s p o n s e F a c t o r / C o m p t o n K,, Peak N o r m a l i z a t i o n Analys i s . " AmericanEnvironmental Laboratory. Pages 24-32.
13.8.2 Piorek, S., and J . R . Pasmore. 1993. " S t a n d a r d l e s s , In Situ A n a l y s i s o fMetal l i c C o n t a m i n a n t s in the Natural Environment W i t h a PC-Based , High R e s o l u t i o n P o r t a b l eX-Ray Analyzer." Third International Symposium on Field Screening Methods for HazardousWaste and Toxic Chemicals. Las Vegas , N e v a d a . F e b r u a r y 24-26, 1993. V o l u m e 2, Pages1135-1151.

14.0 P O L L U T . O N P R E V E N T I O N
14.1 P o l l u t i o n prevention encompasses any technique that reduces or e l imina t e s the q u a n t i t yand/or toxicity of waste at the point of generation. Numerou s o p p o r t u n i t i e s for p o l l u t i o n prevent ionexist in l a b o r a t o r y opera t i on . The EPA has e s t ab l i s h ed a pr e f e rr ed hierarchy of env ironmenta lmanagement techniques that p lace s p o l l u t i o n prevention as the management op t ion of f i r s t choice.Whenever f e a s i b l e , laboratory personnel should use p o l l u t i o n prevent ion techniques to addre s s theirwaste generation. When wastes cannot be f e a s i b l y reduced at the source, the Agency recommendsrecycling as the next best op t i on .
14.2 For i n f o r m a t i o n about p o l l u t i o n prevention that may be a p p l i c a b l e to laboratorie s andresearch i n s t i t u t i o n s consult Less is Better Laboratory Chemical management for Waste Reductionavai lable from the American Chemical Socie ty' s Department o f Government R e l a t i o n s and Sci enc eP o l i c y , 1155 16th Street N . W . , W a s h i n g t o n D.C. 20036, (202) 872-4477.

15.0 W A S T E M A N A G E M E N T
The Environmental Protect ion Agency requires that laboratory waste management prac t i c e sbe conducted consis tent with all a p p l i c a b l e rules and r egu la t i on s . The A g e n c y urges laborator i e sto protect the air, water, and land by minimizing and c o n t r o l l i n g all releases f rom hoods and benchoperat ions , c o m p l y i n g with the l e t t er and sp ir i t of any sewer d i s c h a r g e p e r m i t s and r e g u l a t i o n s , andby c o m p l y i n g with all s o l id and hazardous waste r egu la t i on s , p a r t i c u l a r l y the hazardous wastei d e n t i f i c a t i o n ru l e s and land d i s p o s a l re s tr ic t ions . For f u r t h e r i n f o r m a t i o n on waste m a n a g e m e n t ,c on su l t The Waste Management Manual for Laboratory Personnel a v a i l a b l e f r om the Ameri canChemica l Soc i e ty at the address l i s t ed in Sec. 14.2.

16.0 R E F E R E N C E S
1. Metorex. X - M E T 920 User ' s M a n u a l .
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2. S p e c t r a c e I n s t r u m e n t s . 1994. Energy D i s p e r s i v e X-ray F l u o r e s c e n c e S p e c t r o m e t r y : AnI n t r o d u c t i o n .
3. TN S p e c t r a c e . S p e c t r a c e 9000 Fie ld P o r t a b l e / B e n c h t o p XRF T r a i n i n g and A p p l i c a t i o n sM a n u a l .
4 . U n p u b l i s h e d SITE d a t a , recieved from PRC Environment M a n a g e m e n t , Inc.
17.0 T A B L E S , D I A G R A M S , F L O W C H A R T S , A N D V A L I D A T I O N D A T A

The page s to f o l l o w contain T a b l e s 1 t hrough 9 and a method procedure f l o w d iagram.
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TABLE 1
I N T E R F E R E N C E F R E E D E T E C T I O N L I M I T S

A n a l y t e

A n t i m o n y ( S b )
Arsenic ( A s )
Barium (Ba)
C a d m i u m ( C d )
Calc ium (Ca)
Chromium ( C r )
Coba l t ( C o )
C o p p e r ( C u )
I r o n ( F e )
Lead ( P b )
Mangane s e ( M n )
Mercury ( H g )
M o l y b d e n u m ( M o )
N i c k e l ( N i )
Potas s ium ( K )
Rubidium (Rb)
S e l e n i u m ( S e )
S i l v e r ( A g )
S t r o n t i u m ( S r )
T h a l l i u m ( T l )
T h o r i u m ( T h )
T i n ( S n )
T i t a n i u m ( T i )
V a n a d i u m ( V )
Zinc ( Z n )
Zircon ium ( Z r )

ChemicalAbstrac tSeries N u m b e r
7440-36-0
7440-38-0
7440-39-3
7440-43-9
7440-70-2
7440-47-3
7440-48-4
7440-50-8
7439-89-6
7439-92-1
7439-96-5
7439-97-6
7439-93-7
7440-02-0
7440-09-7
7440-17-7
7782-49-2
7440-22-4
7440-24-6
7440-28-0
7440-29-1
7440-31-5
7440-32-6
7440-62-2
7440-66-6
7440-67-7

Detect ion L i m i t inQuartz Sand( m i l l i g r a m s p e r k i l o g r a m )
40
40
20

100
70

150
60
50
60
20
70
30
10
50

200
10
40
70
10
20
10
60
50
50
50
10

Source: References 1, 2, and 3
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TABLE 2
S U M M A R Y O F R A D I O I S O T O P E S O U R C E C H A R A C T E R I S T I C S

Source
Fe-55

Cd-109

Am-241

Cm-244

Activ i ty( m C i )
20-50

5-30

5-30

60-100

H a l f - L i f e( Y e a r s )
2.7

1.3

458

17.8

Exci tat ion Energy( k e V )
5.9

22.1 and 87.9

26.4 and 59.6

14.2

Elemental A n a l y s i s Range
Sul fur t o C h r o m i u m K L i n e sM o l y b d e n u m to Barium L Line s
C a l c i u m to Rhodium K Line sT a n t a l u m to Lead K Line sBarium to U r a n i u m L L i n e s
C o p p e r to T h u l i u m K L i n e sT u n g s t e n to U r a n i u m L Lines
T i t a n i u m to S e l e n i u m K LinesLanthanum to Lead L Lines

Source: Reference 1, 2, and 3

TABLE 3
S U M M A R Y O F X - R A Y T U B E S O U R C E C H A R A C T E R I S T I C S

A n o d eM a t e r i a l
Cu
Mo

Ag

RecommendedV o l t a g e Range(kV)
18-22
40-50

50-65

K - a l p h aEmis s ion(keV)
8.04

17.4

22.1

Elemental A n a l y s i s Range

Potass ium to C o b a l t K LinesS i l v e r to G a d o l i n i u m L Lines
Cobal t to Y t t r i u m K LinesE u r o p i u m to Radon L L i n e s
Z i n c to T e c h n i c i u m K L i n e sYtterb ium to N e p t u n i u m L Lines

Source: Ref er enc e 4
N o t e s : The s a m p l e elements excited are chosen by tak ing as the lower l i m i t the same ratio ofex c i ta t i on l i n e energy to element a b s o r p t i o n edge as in T a b l e 2 ( a p p r o x i m a t e l y 0.45) and therequirement that the e x c i ta t i on l ine energy be above the e lement a b s o r p t i o n edge as the u p p e rl i m i t (L2 edges used for L l ine s). K-beta exc i ta t ion l ine s were ignored.
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T A B L E 4
F I E L D - B A S E D M E T H O D D E T E C T I O N L I M I T S ( m g / k g ) a

A n a l y t e

A n t i m o n y
Arsenic
Barium
Chromium
C o b a l t
C o p p e r
Lead
Manganese
M o l y b d e n u m
N i c k e l
R u b i d i u m
S t r o n t i u m
T i n
Zinc
Zirconium

I n s t r u m e n t
T N9000

55
60
60

200
330

85
45

240
25

100
30
35
85
80
40

TN LeadA n a l y z e r

N R
50

N R
460

N R
115
40

340
N R
N R
N R
N R
N R
95

N R

X - M E T 920( S i L iDetector)
N R
55
30

210
N R
75
45

N R
N R
N A
N R
N R
N R
70

N R

X - M E T 920( G a s - F i l l e dDetec tor)
N R
50

400
110

N R
100
100

N R
N R
NA
N R
N R
N R
NA
N R

X LS p e c t r u mAnalyz er
N R

110
N R

900
N R

125
75

N R
30

N A
45
40

N R
110

25

MAPS p e c t r u mA n a l y z e r
N R

225
N R
N R
N R

525
165

N R
N R
N R
N R
N R
N R
N A
N R

Source: Reference 4
" M D L s are r e la t ed to the t o t a l number of counts taken. See S e c t i o n 13.3 for count t ime sused to generate t h i s t a b l e .N R N o t r epor t ed .NA Not a p p l i c a b l e ; a n a l y t e was r e p o r t e d bu t was no t a t h i g h enough c o n c e n t r a t i o n s for me thodd e t e c t i o n l i m i t to be d e t e r m i n e d .

CD-ROM 6200 - 25 Revision 0J a n u a r y 1998



TABLE 5
P R E C I S I O N

A n a l y t e

A n t i m o n y
Arseni c
Barium
Cadmium
C a l c i u m
Chromium
C o b a l t
C o p p e r
I r o n
Lead
Manganese
M o l y b d e n u m
N i c k e l
Potass ium
Rubidium
S t r o n t i u m
T i n
T i t a n i u m
Z i n c
Zirconium

Average Relat ive S t a n d a r d Deviation for Each I n s t r u m e n tat 5 to 10 T i m e s the MDL
T N9000

6.54
5.33
4.02

29.84a

2.16
22.25
33.90

7.03
1.78
6.45

27.04
6.95

30.85"
3.90

13.06
4.28

24.32"
4.87
7.27
3.58

T N LeadA n a l y z e r
N R

4.11
N R
N R
N R

25.78
N R

9.11
1.67
5.93

24.75
N R
N R
N R
N R
N R
N R
N R

7.48
N R

X - M E T 920( S i L iD e t e c t o r )
N R

3.23
3.31

24.80a

N R
' 22.72

N R
8.49
1.55
5.05

N R
N R

24.92a

N R
N R
N R
N R
N R

4.26
N R

X - M E T 920( G a s - F i l l e dDete c t or)
N R

1.91
5.91

N R
N R

3.91
N R

9.12
N R

7.56
N R
N R

20.92*
N R
N R
N R
N R
N R

2.28
N R

XLS p e c t r u mA n a l y z e r
N R

12.47
N R
N R
N R

30.25
N R

12.77
2.30
6.97

N R
12.60

N A
N R

32.69a

8.86
N R
N R

10.95
6.49

M A PS p e c t r u mA n a l y z e r
N R

6.68
N R
N R
N R
N R
N R

14.86
N R

12.16
N R
N R
N R
N R
N R
N R
N R
N R

0.83
N R

Source: Reference 4
8 T h e s e values are biased h i g h because the concentration of these a n a l y t e s in the soils a m p l e s was near the de t e c t ion l i m i t f or that p a r t i c u l a r FPXRF ins trument .N R N o t r epor t ed .NA Not a p p l i c a b l e ; a n a l y t e was r epor t ed bu t was below the method d e t e c t i o n l i m i t .
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TABLE 6
P R E C I S I O N A S A F F E C T E D B Y S A M P L E P R E P A R A T I O N

A n a l y t e

A n t i m o n y
A r s e n i c
Barium
C a d m i u m 3

C a l c i u m
C h r o m i u m
Coba l t
C o p p e r
I r o n
Lead
Mangane s e
Mercury
M o l y b d e n u m
N i c k e l 8

Potas s ium
R u b i d i u m
S e l e n i u m
S i l v e r -
S t r o n t i u m
T h a l l i u m
T h o r i u m
T i n
T i t a n i u m
V a n a d i u m
Zinc
Z i r c o n i u m

Average Rela t iv e S t a n d a r d Devia t i on f o r Each P r e p a r a t i o n M e t h o d
I n S i t u - F i e l d

30.1
22.5
17.3
41.2
17.5
17.6
28.4
26.4
10.3
25.1
40.5

N D
21.6
29.8
18.6
29.8

N D
31.9
15.2
39.0

N R
N D

13.3
N R

26.6
20.2

Intrusive-U n d r i e d and Unground
15.0

5.36
3.38

30.8
1.68

28.5
31.1
10.2

1.67
8.55

12.3
N D

20.1
20.4

3.04
16.2
20.2
31.0

3.38
16.0
N R

14.1
4.15

N R
13.3

5.63

I n t r u s i v e -Dried and Ground
14.4

3.76
2.90

28.3
1.24

21.9
28.4

7.90
1.57
6.03

13.0
N D

19.2
18.2

2.57
18.9
19.5
29.2

3.98
19.5
N R

15.3
3.74

N R
11.1

5.18
Source: Reference 4
8 T h e s e value s may be biased h i g h because the concentration of these a n a l y t e s in the soils a m p l e s was near the d e t e c t i o n l i m i t .N D N o t d e t e c t e d .N R N o t r e p o r t e d .
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TABLE 7
A C C U R A C Y

A n a l y t e

S b
As
Ba
Cd
Cr
Cu
F e
Pb
Mn
N i
S r
Zn

I n s t r u m e n t
TN 9000

n

2
5
9
2
2
8
6

11
4
3
8

11

Rangeof% Rec.
100-149

68-115
98-198
99-129
99-178
61-140
78-155
66-138
81-104
99-122

110-178
41-130

Mean% Rec.

124.3
92.8

135.3
114.3
138.4

95.0
103.7

98.9
93.1

109.8
132.6

94.3

SD

N A
17.3
36.9

N A
N A

28.8
26.1
19.2
9.70
12.0
23.8
24.0

TN Lead Analyzer
n

--

5
— .

—

_.

6
6

11
3
—

—

10

Rangeof% Rec.
__

44-105

—».

....

38-107
89-159
68-131
92-152

•—

__

81-133

Mean%Rec.
„-

83.4
..

»

-.-

79.1
102.3

97.4
113.1

„.

„

100.0

SD

..

23.2
_

«

«

27.0
28.6
18.4
33.8

™

__

19.7

X - M E T 920 (SiLi Detector)
n

—

4
9
6
7

11
6

12
_„

_„

_̂

12

Rangeof% Rec.
..

9.7-91
18-848
81-202
22-273
10-210
48-94
23-94

«.-

«—

__

46-181

Mean%Rec
—

47.7
168.2
110.5
143.1
111.8

80.4
72.7

—

_.

. _

106.6

SD

_̂

39.7
262

45.7
93.8
72.1
16.2
20.9

..

nru

__

34.7

X L S p e c t r u m A n a l y z e r
n

v«

5
—

_

3
8
6

13
— .

3
7

11

Rangeof% Rec.
»

38-535
_ r

__

98-625
95-480
26-187
80-234

— .

57-123
86-209
31-199

Mean
%Rec.

..
189.8

—

—

279.2
203.0
108.6
107.3

„_

87.5
125.1

94.6

SD

„
206

—

_

300
147

52.9
39.9

-—

33.5
39.5
42.5

Source: Reference 4
n N u m b e r of s a m p l e s that contained a c e r t i f i e d value for the analyte and produced a d e t e c t a b l e concentration f rom the FPXRF instrument.S D S t a n d a r d deviat ion.N A N o t a p p l i c a b l e ; o n l y t w o d a t a p o i n t s , t h e r e f o r e , a S D w a s n o t c a l c u l a t e d .%Rec. Percent recovery.N o d a t a .
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i
TABLE 8

A C C U R A C Y FOR TN 9000"

S t a n d a r d
R e f e r e n c eM a t e r i a l
R T C C R M - 0 2 1
RTC CRM-020
BCR CRM 143R
BCR CRM 141
U S G S GXR-2
U S G S GXR-6
N I S T 2 7 1 1
M I S T 2710
N I S T 2709
N I S T 2704
C N R C P A C S - 1
S A R M - 5 1
S A R M - 5 2

Arsen i c
Cert.Cone.

24.8
397

--
-

25.0
330
105
626
17.7
23.4
211
-
-

Meas.Cone.
N D

429
—
—

N D
294
104
722

N D
N D
143
-
-

%Rec.

N A
92.5

-
-

N A
88.9
99.3

115.4
N A
N A

67.7
—
—

Barium
Cert.Cone.

586
22.3

--
-

2240
1300

726
707
968
414

—
335
410

Meas.Cone.
1135

N D
-
—

2946
2581

801
782
950
443
772
466
527

%Rec.

193.5
N A
„
—

131.5
198.5
110.3
110.6

98.1
107.0

N A
139.1
128.5

C o p p e r
Cert.Cone.

4792
753
131

32.6
76.0
66.0
114

2950
34.6
98.6
452
268
219

Meas.
Cone.

2908
583
105

N D
106

N D
N D

2834
N D
105
302
373
193

%Rec.

60.7
77.4
80.5

N A
140.2

' NA
N A

96.1
N A

106.2
, 66.9

139.2
88.1

Lead
Cert.Cone.

144742
5195

180
29.4
690
101

1162
5532
18.9
161
404

5200
1200

Meas.Cone.
149947

3444
206

N D
742

80.9
1172
5420

N D
167
332

7199
1107

%Rec.

103.6
66.3

114.8
N A

107.6
80.1

100.9
98.0

NA
103.5

82.3
138.4

92.2

Z i n c
Cert.Cone.

546
3022
1055
81.3
530
118
350

6952
106
438
824

2200
264

Meas.Cone.
224

3916
1043

N D
596

N D
333

6476
98.5
427
611

2676
215

%Rec.

40.9
129.6

99.0
N A

112.4
N A

94.9
93.2
93.0
97.4
74.2

121.6
81.4

Source: Ref er enc e 4
3 All concentrations in m i l l i g r a m s per ki logram.%Rec. Percent recovery.
N D N o t d e t e c t ed .N A N o t a p p l i c a b l e .N o data.
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TABLE 9
R E G R E S S I O N P A R A M E T E R S F O R C O M P A R A B I L I T Y 1

A l l Data
Soi l 1
Soil 2
S o i l 3
Prep 1
P r e p 2
P r e p 3
Prep 4

Ml Data
Soil 1
Soil 2
Soil 3
Prep 1
Prep 2
P r e p 3
Prep 4

Arsenic
n

824
368
453

—
207
208
204
205

r2

0.94
0.96
0.94

—
0.87
0.97
0.96
C.96

I n t .
1.62
1.41
1.51

—
2.69
1.38
1.20
1.45

S l o p e
0.94
0.95
0.96

—
0.85
0.95
0.99
0.98

Lead
n

1205
357
451
397
305
298
302
300

r2

0.92
0.94
0.93
0.90
0.80
0.97
0.98
0.96

I n t .
1.66
1.41
1.62
2.40
2.88
1.41
1.26
1.38

S l o p e
0.95
0.96
0.97
0.90
0.86
0.96
0.99
1.00

Barium
n

1255
393
462
400
312
315
315
313

r2

0.71
0.05
0.56
0.85
0.64
0.67
0.78
0.81

I n t .
60.3
42.6
30.2
44.7
53.7
64.6
64.6 .
58.9

S l o p e
0.54
0.11
0.66
0.59
0.55
0.52
0.53
0.55

Zinc
n

1103
329
423
351
286
272
274
271

r2

0.89
0.93
0.85
0.90
0.79
0.95
0.93
0.94

I n t .
1.86
1.78
2.57
1.70
3.16
1.86
1.32
1.41

S l o p e
0.95
0.93
0.90
0.98
0.87
0.93
1.00
1.01

C o p p e r
n

984
385
463
136
256
246
236
246

r2

0.93
0.94
0.92
0.46
0.87
0.96
0.97
0.96

I n t .
2.19
1.26
2.09

16.60
3.89
2.04
1.45
1.99

S l o p e
0.93
0.99
0.95
0.57
0.87
0.93
0.99
0.96

Chromium
n

280
—
—

186
105

77
49
49

r2

0.70
—
—

0.66
0.80
0.51
0.73
0.75

I n t .
64.6

—
—

38.9
66.1
81.3
53.7
31.6

S l o p e
0.42

—
—

0.50
0.43
0.36
0.45
0.56

Source: Reference 4
1 L o g - t r a n s f o r m e d d a t an N u m b e r of data p o i n t sr 2 C o e f f i c i e n t o f d e t e r m i n a t i o n
I n t . Y - i n t e r c e p t— N o a p p l i c a b l e data
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11.1 F o l l o w m a n u f a c t u r e r s ' manualf o r o p e n t t o n o f F P X R F i n s l u r m e n t a t l o n .

11.3 Remove debri s from»oll s u r f a c e end levels u r f a c e , i f necessary. T a plei (c increase d i n c t t yend compac tne s s .

11.4 C o l l e c t sample From8 4 x 4 I n c h square o ft o l l .

11.3 P o r f o r m analys i s . S a m p l ehomo gonteat tonbe foredrying?
F o l l o w p r e p a r a t i o nproc edure lo achieveyour OQOs.

11.4 T h o r o u g h l y mix t e m p l eI n B beaker o r p l a s t i c b g r j . M o n i t o rh a m o g e n l z a t i o n wtth todiurnf l u o r v s o e l r t dye.

11.5 Oiy 20 - 50 grams olC«mpl« for 2 - 4 hours at atemp, n o greater than I S O ° C .

11.£ G r o u n d a a m p l e u n t i l 90%ol o r i g i n a l s a m p l e p a s s e st h r o u g h a 60-mesh sieve.

11.6 Place s a m p l e I np o l y u l h y l e n e s a m p l e cup andp e r f o r m analyst s .
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L O W C O N C E N T R A T I O N S O I L C O N T A M I N A N TC H A R A C T E R I Z A T I O N U S I N G E D X R F A N A L Y S I S
A R . H a r d i n g

I N T R O D U C T I O N
E f f e c t i v e assessment and remediat ion of hazardous waste s i tes d i c t a t e s that analyt i ca l m e t h o d o l o g i e sbe d e v e l o p e d which assist in the evaluat ion of site contamination and s i m u l t a n e o u s l y make e f f i c i e n tuse of s a m p l i n g t ime and resources ( 1 ) . O p t i m a l l y , a technique would provide on-site personnel withimmediate and accurate i n f o r m a t i o n concerning the i d e n t i t y and concentration of inorganic soilcontaminants (2),
Inorganic p o l l u t a n t s can be readily determined in contaminated soils with energy dispers ive X-rayf luorescence spectrometry ( E D X R F ) using a thermoelectrically cooled Si(Li) detector (3). A f i e l dmobile laboratory van or trailer can accommodate the EDXRF system because the e l ec tr ical ly cooledde t e c tor , which prov ide s high resolution EDXRF spectra, does not require cryogenic cooling. S o i ls ampl e pr epara t i on for EDXRF analysis is minimal, therefore, short turnaround times are realizedbetween sampl ing and reporting results.
T h i s report w i l l describe an EDXRF method deve loped to determine four inorganic soilcontaminants: lead, arsenic, zinc, and cadmium at four sampling d e p t h s . The EDXRF results forapprox imat e ly one hundred eighty soil samples will be compared to results obtained for sample s p l i t ssubmitted for analysis at an independent laboratory. Evaluation of low concentration arsenicd e t e c t a b i l i r y with elevated lead concentrations in these samples will be discussed. Accuracy andprecision of the EDXRF method will also be compared to the independent methods using a standardreference material and soil samples submitted in t r i p l i c a t e to both laboratories.
E X P E R I M E N T A L
The f i e l d mob i l e EDXRF spectrometer used in this work was a S p e c t r a c e 6000 ( S p e c t r a c eInstrument s , Inc. , Mountain View, CA). The EDXRF system consists of three modules: thespec trometer , the c o n t r o l / p u l s e proce s s ing electronics , and the data analys i s computer. The compactsize and weight (90 I b s . ) of the modules permi t s i n s t a l l a t i o n of the system in a laboratory t ra i l e r orvan,
The bench top spec trometer modu l e , which can accommodate a s i n g l e soil sample , is powered by 3 10V line or generator f e e d . The ex c i ta t i on source used is a low powered Rh anode X-ray tube (50 KV,
0.35 mA (17 W) maximum o u t p u t ) pos i t ioned at a 45° incident angle to the sample. Three primaryradiation f i l t e r s permit opt imum spectral acquisition conditions to be computer se lec ted.
The t h e r m o e l e c t r i c a l l y cooled Si(Li) X-ray d e t e c t o r is mounted at a 45° t a k e - o f f angle in an invertedgeometry with respect to the sample . The 20 mm2 Si(Li) c r y s t a l , which is pro t e c t ed by a 0.5 mil Be
window, i s coo l ed t o -90 °C f or opera t ion using a m u l t i - s t a g e thermoe l e c tr i c ( P e l t i e r e f f e c t ) cooler.The 300 wat t s produced at the de t e c tor heat sink are d i s s i p a t e d by forced ambient air.T h e r m o e l e c t r i c a l l y cooled detectors p r o v i d e typ i ca l re so lut ions of 185 eV (Mn Ka).
A card cage modul e is in t er faced between the spectrometer and a personal computer. The card cagecomponents inc lude the detector high v o l t a g e s u p p l y , the p u l s e processing electronics, and thecontro! circuit board for the EDXRF spectrometer. The data analysis s o f tware executed on the PC iscapable of either a fundamenta l parameters or empirical data treatment scheme using a combinationof standard re f erence materials and/or site s p e c i f i c standards.
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Figure 1. Mid Z spectrum of a soil s ampl e containing 1100 ppm Pb, 729 ppm Zn, and125 ppm As. Full scale on the y-axis is 2,000 counts.
The soil characterization method was standardized using four standard reference material s (SRM):NBS 1648 (urban p a r t i c u l a t e ) ; NBS 2704 (river s ediment); S O - 1 and SO-3, two soil s tandardsavai lable f r o m the Canada Centre for Mineral and Energy T e c h n o l o g y . S t a n d a r d s l ab e l ed NBS areava i lab l e from the National I n s t i t u t e f or Standard s and T e c h n o l o g y (NIST). T h e s e S R M s havec e r t i f i e d concentrations of Fe, Mn, Cu, Zn, Pb, and Cd,
A fundamental parameters (FP) method (5) was employed as the data treatment scheme and usedc e r t i f i e d concentrations of Fe, Mn, Cu, Zn, Pb, and Cd in the f our standard materials. To computeinstrumental s en s i t iv i ty (emis s ion peak counts per second per p p m ) , the balance of the standard wasassumed to be comprised of SiO2 to account for the contribution of the matrix on the measuredanalyte X-ray in t ens i ty . The balance component Si05 was selected to mimic the concentration of Siand 0 in typ i ca l s o i l s , a p p r o x i m a t e l y 24% Si and 45% 0. Since none of the se lec ted S R M s containarsenic, As s en s i t iv i ty ( c p s / p p m ) was determined using a fundamenta l parameters theore t i calcalculation based on the computed Zn sensitivity. T a b l e 2 l i s t s the analyte sensitivities computed bythe FP method.

i A N A L Y T E j S E N S I T I V I T Yj ( c p s / p p m )
Mn j 0.010

L L D( P p m )
21

Fe i 0.015 I 19
Cu \

! Zn I1 Pb L1 As
! Cd j

0.046 | 26
0.067 ( 19 |
0.084 I 7
0.132 | 12
0.107 | 4

T a b l e 2. S e n s i t i v i t y and lower l imi t s of d e t e c t i on for the analyte s of interest.
There are some advantages to using an FP method for s tandardizat ion compared to site s p e c i f i c soils tandards . The FP method can use r ead i ly ava i lab l e , well-characterized S R M s to measure analyt es e n s i t i v i t i e s . S i t e s p e c i f i c soil s t a n d a r d s , by contrast, are u s u a l l y c o l l e c t e d with a separate s a m p l i n gm o b i l i z a t i o n . The FP method s tandardized with S R M s can p r o v i d e accurate analy t e concentrat ions tobe d e t ermined in s a m p l e s with f a i r l y wide matrix variations without r e s t a n d a r d i z a t i o n , unl ikem e t h o d s i n c o r p o r a t i n g site s p e c i f i c s tandards .
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R E S U L T S
T a b l e 2 l i s t s the lower l imi t s of de tec t ion determined using the two sets of spectral acquisitionconditions ( T a b l e 1). The pertinent equation is: LLD ( p p m ) = 3 * s q r t ( I b ) / m * s q r t ( T ) > where Ib is thebackground intensity (cps), m is the analyte sensitivity ( c p s / p p m ) , and T is the acquisition livetime inseconds (6). C a l c u l a t e d LLD values are dependent upon spectrum acquisition times, s a m p l e matrix,and excitation conditions. The conditions in T a b l e 1 were selected to optimize the Pb and Cd spectralregions. Improved LLDs are po s s ib l e with EDXRF using longer spectrum acquisition livetimes ando p t i m i z e d ex c i ta t i on condi t ions for selected spectral regions.
Results for the determination of four analytes by EDXRF in 180 samples (43 cores at 4 l eve l s , twoS R M s , three s a m p l e s in t r i p l i c a t e ) were compared to independent analysis r e su l t s in order to evaluatethe level of agreement between the two methods. T a b l e 3 l i s t s the correlation p l o t data for theanalytes in terms of actual s l op e , intercept, errors, and the correlation c o e f f i c i e n t of the f i t . Eachanalyte correlation p l o t included approx imate ly 150 data point s .

A N A L Y T E S L O P E
Pb j 1.01 ±0.03

| As | 1.08 ±0.05
I Cd j 1,02 ±0.03
i ,Zn 1.02 ±0.02

I N T E R C E P T
10.0 ±13.8
0.98 ± 3.54
3.09 ±2.19
63.0 ±13.6

C O R R E L A T I O NC O E F F I C I E N T
O.S6
0.92 |
0.94
0.98

T a b l e 3. Corr e la t i on p l o t d a t a for the f our analytes of environmental interest.
As shown in T a b l e 3, s l ope s of the p l o t s for Pb, Cd, Zn, and As are within 8% of 1.00 and allcorrelation c o e f f i c i e n t s are greater than 0.92. The calculated s l op e near 1.00 and correlationc o e f f i c i e n t s greater than 0.90 indicates agreement between the two analytical techniques. F i g u r e 2 is aplot of 94 data point s in the range of 0 to 300 ppm Pb. F i g u r e 3 is a p l o t of 110 EDXRF and ICPanalyzed sampl e s in the range of 0 to 100 ppm Cd and also indi ca t e s agreement between the r e s u l t sof the two methods.

: . ' ( 8 : : . ' ! ' ; - ; • ' « ; • • • ' i « & ij»-; -seer- - S U B
F i g u r e 2. Pb correlation p l o t for 94 samples.

t t f c

t.Si *»t
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Figure 3. Cd correlation p l o t for 110 samples.
A C C U R A C Y A N D P R E C I S I O N
To evaluate the accuracy provided by the EDXRF method two S R M s were submitted as unknownsfor EDXRF analysis as well as being submitted to the independent lab for analysis. T a b l e 4 l i s t s ther e su l t s for SRM SO-2. EDXRF analysis of SO-2 p r o v i d e s re sul t s that are in good agreement withc e r t i f i e d values. The independent ICP analysis of zinc in SO-2, however, is biased low by a f a c t o r ofone-hal f .

S a m p l e
SO-2

:

A n a l y t e [ I C P E D X R F
Pb I 19 i 17Zn j 55 123

C e r t i f i e d
21124

T a b l e 4. Results of the analysis of SRM SO-2 by ICP and EDXRFmethods . All va lue s in ppm.
Preci s ion was evaluated by submi t t ing three sample s a total of three times for independent andEDXRF analysis . T a b l e 5 shows the result s for the two me thod s along with the calculated standarddeviation (in p p m ) of the three r e p l i c a t e analyses. N o t e that Cd in sample C was only reported byEDXRF to the nearest 1 ppm and three values of 9 ppm Cd were de t ermined, hence the zero standarddeviation for the three replicates. EDXRF precision is better than 10% relative standard deviation inall but one case (As in sample C) and compares well with that provided by the independent lab.

S a m p l e | Element
, A i Lr-f\ s r\a: i Cdi 1 Pbi Zn; t

B I As! Cd1 Pb
1 Zn

C ' AsCd| PbZn

I n d . L a b
45 ±420 ±2286 i 28185 i 15
17 ±380 ±6141 ±15556 ± 39
17 ±110.0 ±0.9117±8173 ±26

EDXRF
41 ±331 ±3312 ±12134 ± 10
14 ±158 ±4158 ±3529 ± 46
19±49±0142 ± 14128 ±3

T a b l e 6. EDX.RF and i n d e p e n d e n t lab r e s u l t s for three soils ampl e s each analyzed in t r ip l i ca t e . All values in ppm
C O N C L U S I O N
F i e l d mobi le EDXRF analysis o f s o i l s s u sp e c t ed o f being contaminated p r o v i d e s i n f o r m a t i o nconcerning the nature, extent, and m a g n i t u d e of the contamination. Due to the minimal s a m p l eo r e p a r a t i o u necessary for EDXRF a n a l y s i s , s a m p l i n g to re su l t turnaround l ime i s r e l a t i v e l y short sso
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preparation necessary for EDXRF analysi s , sampl ing to result turnaround time is r e la t ive ly short sothe most e f f e c t i v e use of s ampl ing resources is realized. EDXRF detec t ion l imit s below 20 ppm wereobtained for the elements of environmental concern. The e f f e c t of increasing lead concentration onarsenic d e t e c t a b i l i t y was quant i f i ed . Using the EDXRF method described here, reliable As re sul t s •were found for those sampl e s containing A s / P b concentration ratios above 0.083. Accuracy andprecision for the analytes of interest using the EDXRF method was shown to be comparable to resul t sobtained by independent analysis. Comparab l e results for Cd, As, Pb, and Zn between independentand EDXRF methods validates the use of EDXRF analysis for hazardous waste site inves t igation andremediation,
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d b l l . o c a l N o r t h i n g
d b l L o c a l E a s t i n g

Capt ion
A u t o N u m b e r
M e d i a Code
Team I D
S a m p l e N u m b e r
S a m p l e Date
S a m p l e T y p e
S a m p l e M e t h o d Code
S a m p l i n g Event
Parent S a m p l e Number
Log Book
N o r t h i n g
Easting

Local N o r t h i n g
Local E a s t i n g

F i e l d Description
S y s t e m Genera t ed U n i q u e Record I d e n t i f i e r
F o r e i g n K e y t o M e d i a Code
S a m p l i n g Team
Field / Lab S a m p l e N u m b e r
Date sampled in the f i e l d
F o r e i g n K e y t o S a m p l e T y p e s
F o r e i g n K e y t o S a m p l e M e t h o d s
S a m p l i n g Event
Parent S a m p l e Number
Log Book N u m b e r
F o r each s a m p l e , u s ing t h e f o l l o w i n g G P S coordinate parameters: U T M , Z o n
13, NAD 27. N o t e - U n i t s - meters.
For each sample, using the f o l l o w i n g GPS coordinate parameters: UTM, Zor
13, NAD 27. N o t e - U n i t s - meters.
Local N o r t h i n g C o o r d i n a t e ( f t . )
Local E a s t i n g C o o r d i n a t e ( f t . )

Format
A u t o N u m b e r
L o n g l n t e g e r

C I O
C15
D a t e / T i m e
C2
C2
C20
C I S
C I O
Double
Double

D o u b l e
Double

Val id Value s

r e f M e d i u m

S p e c i f i e d in F i e l d S a m p l i n g Plan
M M / D D / Y Y 24:00
r e f S a m p T y p e
r e f S a m p M e t h o d
" P H A S E I I I "



T a b l e :
Descript ion: t b I A c c e s s

Access Agreement Let t er T r a c k i n g
Order | F i e l d Name [ C a p t i o n | F i e l d Description (Format |Valid Values

1
2
3
4
c
6
7
8
9

10
11
12
13
14

i n t i n
s t r D C N
s t r L e t t e r N o
i n t F K P r o p e r t y
s trOwnerName
s t rOwnerAddre s s
s t r O w n e r S t a t e
s t rOwnerPhone
d t c S e n t
d t e G r a n t e d
dtcDeclmed
s l r O w n e r L a n g u a g es t r R e s i d e n t L a n g u a g e
s t rComment s

A u t o N u m b e r
DCN
L e t t e r N u m b e r
P r o p e r l y A d d r e s s
Owner Name
Owner Addre s s
Owner S t a t e
Owner Phone
Date S e n t
Date Granted
Date Declined
Owner L a n g u a g e
Res ident L a n g u a g e
C o m m e n t s

S y s t e m G e n e r a t e d U n i q u e Record I d e n t i f i e r
document C o n t r o l N u m b e r
L e t t e r N u m b e r
F o r e i g n K e y t o P r o p e r t y A d d r e s s
Owner Name
Owner Addre s s
Owner S t a t e
Owner Phone
Date Acce s s Agreement L e t t e r S e n t
Date Access Granted
Date Access Declined
Owner L a n g u a g e Pre f e r enc e
Res ident L a n g u a g e P r e f e r e n c e
E x p l a n a t i o n or comment s regarding au thor iza t i on of s a m p l i n g

A u t o N u m b e r
C I Ocio
L o n g l n t e g e r
C50
C50
C50
C2
D a t e / T i m e
D a t e / T i m e
D a t e / T i m e
C10
C10
C200

t b l P r o p e r t y

E n g l i s h , S p a n i s h , Other
E n g l i s h , S p a n i s h , Other

T a b l e :
D e s c r i p t i o n :

t b I R e q u e s t
Requested Labora tory A n a l y s i s • Used to generate C h a i n - o f - C u s t o d y Report

Order | F i e l d N a m e { C a p t i o n | F i e l d Descr ip t ion
1
2
3
4
5

i n t I D
i n t F K S a m p l e
s t r T a g N o
s t r C O C N o
i n t F K A n a l M e t h o d

A u t o N u m b e r
S a m p l e N u m b e r
T a g N u m b e r
COC Number
M e t h o d Requested

S y s t e m G e n e r a t e d Unique Record N u m b e r
F o r e i g n K e y t o S a m p l e T a b l e
T a g N u m b e r
COC Number
F o r e i g n K e y t o A n a l y t i c a l M e t h o d T a b l e

Format | V a l i d V a l u e s
A u t o N u m b e r
L o n g l n t e g e r
C I S
C I S
L o n g l n t e g e r

t b l S a m p l e

r e f A n a l M e t h o d

T a b l e :
Descr ip t i on:

t b I P r o p e r t y S o i l
Property S u r f a c e S o i l S a m p l e A t t r i b u t e s

Order (Field Name ( C a p t i o n | F i e l d Description
1
2
3
4
5
6

i n t I D
m t F K P r o p e r t y
i n t F K S a m p l e
i n f F K P r o p S o i l T y p e
d b l D e p t h T o p
d b l O e p t h B o t t o m

A u t o N u m b e r
P r o p e r t y A d d r e s s
S a m p l e N u m b e r
P r o p e r t y S o i l T y p e
T o p o f S o i l D e p t h
Bottom of Soil D e p t h

S y s t e m G e n e r a t e d U n i q u e Record I d e n t i f i e r
F o r e i g n K e y t o P r o p e r t y T a b l e
F o r e i g n K e y t o S a m p l e T a b l e
L o c a t i o n T y p e ( Y a r d , G a r d e n , P a r k , e t c .)
T o p o f S o i l D e p t h (in)
Bottom of S o i l D e p t h (in)

Format ( V a l i d Value s
A u t o N u m b e r
L o n g I n t e g e r
L o n g I n t e g e r
L o n g I n t e g e r
Double
Double

t b l P r o p e r t y
t b l S a m p l e
r e f P r o p c r y S o i l
0"
2"



R : \ V A S Q U E ~ 1 \ P R O J E C ~ 1 \ P H A S E 3 - 1 \ D o c u r n e n t \ D r a f t . m d b
T a b l e : r e f A n a l M e t h o d

M o n d a y , J u n e 2 1 , 1999

C o l u m n s
N a m e
i n t I D
s t r A n a l M e t h o d C o d e
s t r A n a l M e t h o d D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
Text
T e x t

Size
4

1C
50

T a b l e : r e f E v e n t

Columns
N a m e
i n t I D
s t r C o d e
s t r D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )T e x tT e x t

S i z e
4

10
50

T a b l e : r e f M e d i u m

C o l u m n s
N a m e
i n t I D
s t r M e d C o d e
s t r M e d D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
Text
T e x t

Size
4
2

50

T a b l e : r e f P a r a m e t e r

C o l u m n s
N a m e
i n t I D
s t r P a r a m C o d e
s t r P a r a m D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
T e x t
T e x t

S i z e
4

10
50



R : \ V A S Q U E ~ 1 \ P R O J E C ~ 1 \ P H A S E 3 ~ 1 \ D o c u m e n t \ D r a f t . m d b
T a b l e : refPrepMethod_____________________

M o n d a y , J u n e 2 1 , 1999

C o l u m n s
N a m e
i n t I D
s t r P r e p M e t h o d C o d e
s t r P r e p M e t h o d D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
Text
T e x t

S i z e
4

10
50

T a b l e : r e f P r o p S o i n T y p e

C o l u m n s
N a m e
i n t I D
s t r P r o p S o i l T y p e C o d e
s t r P r o p S o i i T y p e D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
T e x t
T e x t

S i z e
4
2

50

T a b l e : r e f S a m p M e t h o d

C o l u m n s
N a m e
i n t I D
s t r M e t h o d C o d es t r M e t h o d D e s c r i p t i o n

T y p e
N u m b e r ( L o n g )
T e x t
T e x t

S i z e
4
3

35

T a b l e : r e f S a m p Q C T y p e

C o l u m n s
N a m e
i n t I D
s t r C o d e
s t r D e s c r i p t i o n
s t r C l a s s
boo lParentReq

T y p e
N u m b e r ( L o n g )
T e x t
Text
Text
Y e s / N o

S i z e
4

255
255
255

1



R : \ V A S Q U E ~ 1 \ P R O J E C ~ 1 \ P H A S E 3 ~ 1 \ D o c u m e n f t D r a f t . m d b
T a b l e : t b I A c c e s s

M o n d a y , J u n e 2 1 , 1 9 9 9

C o l u m n s
N a m e
i n t I D
s t r D C Ns t r L e t t e r N o
i n t F K P r o p e r t ys trOwnerName
s t r O w n e r A d d r e s ss t rOwnerCi tys t r O w n e r S t a t e
s t r O w n e r Z i p
s t rOwnerPhoned t e S e n t
d t e G r a n t e dd t e D e c l i n e d
s t r O w n e r L a n g u a g e
s t r R e s i d e n t L a n g u a g e
s trComments

T a b l e : t b I A I l e v w a v

C o l u m n s
N a m e
i n t I Ds t r A l l e y w a y l D
i n t F K R e f P r o p e r t y
s t r B o u n d i n g S t r e e t l
s t r B o u n d i n g S t r e e t 2
s t r B o u n d i n g S t r e e t S
s t r B o u n d i n g S t r e e t 4
s t r D e s c r i p t i o n
d b l E d g e S t r e e t ld b l E d g e S t r e e t 2
d b l l n t e r v a l

T y p e
N u m b e r ( L o n g )
TextText
N u m b e r ( L o n g )
Text
TextT e x tT e x tT e x t
TextD a t e / T i m e
D a t e / T i m e
D a t e / T i m e
T e x t
T e x t
T e x t

T y p e
N u m b e r ( L o n g )
T e x tN u m b e r ( L o n g )
Text
T e x t
T e x t
TextText
N u m b e r ( D o u b l e )N u m b e r ( D o u b l e )N u m b e r ( D o u b l e )

S i z e
4

10
10
4

50
50
50

2
10
12
8
8
8

50
50

200

S i z e
4

10
4

50
50
50
50
50

8
8
8



R : \ V A S Q U E ~ 1 \ P R O J E C ~ 1 \ P H A S E 3 ~ 1 \ D o c u r n e n t \ D r a f t . m d b
T a b l e : t b l A l l e y w a y S o i l

M o n d a y , J u n e 2 1 , 1999

C o l u m n s
N a m e
J n t I D
i n t F K A I I e y w a yi n t F K S a m p l e
s t r R o w N u m b e r
s t r C o l N u m b e r
d b l D e p t h T o p
d b l D e p t h B o t t o m

T a b l e : t b I A n a l y s i s

C o l u m n s
N a m e
i n t I D
i n t F K S a m p l e
s t r T a g N o
s t r C O C N o
i n t F K A n a l M e t h o d
d t e A n a l D a t e T i m e
i n t F K P r e p M e t h o d
d t e P r e p l D a t e T i m e
s t r L a b i D
s t r l n s t I Di n t F K P a r a m e t e r
d b l R e s u l t
s t r C F i a g
s t r Q F l a g
d b l M D L
s t r U n i t s
d b l D i l u t i o n F a c t o rs t r B a t c h N o

T a b l e : t b I P r o p e r t y

C o l u m n s
N a m e
i n t I D
s t r P r o p H o u s e N u m
s t r P r o p S t D i rs t r P r o p S t N a m e
s t r P r o p S t T y p e
s t r P r o p A d d r e s s
s t r P r o p Z i p
s t r N e i g h b o r h c o d

T y p e
N u m b e r ( L o n g )N u m b e r ( L o n g )
N u m b e r ( L o n g )
T e x t
T e x tN u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )

T y p e
N u m b e r ( L o n g )
N u m b e r ( L o n g )
T e x t
T e x tN u m b e r ( L o n g )
D a t e / T i m eN u m b e r ( L o n g )
D a t e / T i m e
T e x t
T e x tN u m b e r ( L o n g )N u m b e r ( D o u b l e )T e x t
TextN u m b e r ( D o u b l e )
T e x t
N u m b e r ( D o u b l e )T e x t

T y p e
N u m b e r ( L o n g )
T e x t
T e x t
T e x t
T e x tT e x t
T e x t
T e x t

S i z e
4
4
4

50
50

8
8

Size
4
4

15
15
4a
4
8

15
15
4
8
1
3
810
8

15

+

S i z e
4
51

35
5

50
5

30



R : \ V A S Q U E ~ 1 \ P R O J E C ~ 1 \ P H A S E 3 ~ 1 \ D o c u m e n t \ D r a f t . m d b M o n d a y , J u n e 2 1 , 1999

T a b l e : t b I P r o p e r t v D u s t

C o l u m n s
N a m e
i n t I Di n l F K P r o p e r t y
i n t F K S a m p l es t r R o o m N u m b e r
d b l N e t W e i g h t
d b l T o t a l A r e ad b l R o o m T e m pd b l R o o m H u m i d i t y

T a b l e : t b l P r o p e r t y S o i l

C o l u m n s
N a m e
i n t I D
i n t F K P r o p e r t y
i n t F K S a m p l e
i n t F K P r o p S o i l T y p e
d b l D e p t h T o pd b l D e p t h B o t t o m

T a b l e : t b I R e q u e s t

C o l u m n s
N a m e
i n t I D
i n t F K S a m p l es t r T a g N o
s t r C O C N o
i n t F K A n a l M e t h o d

T y p e
N u m b e r ( L o n g )
N u m b e r ( L o n g )N u m b e r ( L o n g )
T e x tN u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )N u m b e r ( D o u b l e )

T y p e
N u m b e r ( L o n g )
N u m b e r ( L o n g )N u m b e r ( L o n g )
N u m b e r ( L o n g )
N u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )

T y p e
N u m b e r ( L o n g )
N u m b e r ( L o n g )
TextT e x tN u m b e r ( L o n g )

Size
4
4
4
5
8
8
8
8

S i z e
4
4
4
4
8
8

S i z e
4
4

15
15
4



R : \ V A S G U E - 1 \ P R O J E C ~ 1 \ P H A S E 2 ~ 1 \ D o c u m e n t \ D r a f t . m d b M o n d a y , J u n e 2 1 , 1999
T a b l e : t b I S a m p l e

C o l u m n s
N a m e
i n t I D
i n t F K M e d i u m
s t r S a m p T e a m
s t r S a m p N od t e S a m p D a t e T i m e
i n t F K S a m p T y p e
i n t F K S a m p M e t h o d
i n t F K S a m p E v e n ts t r P a r e n t S a m p l e
s t r L o g B o o k N o
I n t L o g B o o k P a g e
d b l N o r t h i n gd b l E a s t i n g
d b l L o c a l N o r t h i n g
d b l L o c a l E a s t i n g

T y p e
N u m b e r ( L o n g )
N u m b e r ( L o n g )
T e x t
T e x tD a t e / T i m e
N u m b e r ( L o n g )
N u m b e r ( L o n g )
N u m b e r ( L o n g )
Text
Text
N u m b e r ( L o n g )N u m b e r ( D o u b l e )N u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )
N u m b e r ( D o u b l e )

S i z e
4
4

10
15
8
4
4
4

15
8
4
8
8
8
8



Vasquez Boulevard & 1-70 - Phase III DRAFT- Do Not Ci t e

A t t a c h m e n t 1:
S c r e e n i n g Level E v a l u a t i o n of Risks f r o m

A c u t e and S u b c h r o n i c Exposure to Arsen i c in S o i l

Proj e c t Plans\Phase I I I \ D o c u m e n t \ S e c t i o n T a b s . w p d



A T T A C H M E N T 1
S C R E E N I N G L E V E L E V A L U A T I O N

O F R I S K S FROM A C U T E A N D S U B C H R O N I C
E X P O S U R E T O A R S E N I C I N S O I L

Basic Equations
In most cases, risk to humans due to arsenic contamination of soil are driven by the es t imated
risk of cancer f o l l o w i n g long-term (e.g., 30-year) exposure. Based on standard U S E P A d e f a u l t
exposure assumptions and a target excess cancer risk level of IE-04, the screening level Risk-
Based Concentration for arsenic in soil is 43 ppm (EPA Region III table). It is important to note
that this is a d e f a u l t value that does not include any s i t e - s p e c i f i c informat ion, and that the f ina l
chronic RBC for soil at the V B I 7 0 site will be d e v e l o p e d only a f t e r the risk assessment is
c ompl e t e , and that all r e l iab l e s i t e - s p e c i f i c information will be inc luded.
In some cases (where l ev e l s of arsenic in soil are e s p e c i a l l y high), risks of noncancer e f f e c t s
from subchronic and/or acute exposures to arsenic in soil might also be of concern. The basic
equations for assessing non-cancer and cancer risks f rom acute, subchronic, and chronic exposure
are shown below:

HQ(a) = C ( a ) * HIF(a) / R f D ( a )
H Q ( s c ) - C ( s c ) * HIF(sc) / R f D ( s c )

where:
HQ = Hazard Quotient, either for acute (a) or subchronic (sc) exposure
C = Exposure point concentration, either for acute (a) or subchronic (sc) exposure
HIF = Human Intake f a c t or , either for acute (a) or subchronic (sc) exposure
RfD = Reference Dose, either for acute (a) or subchronic (sc) exposure

R e s i d e n t i a l Exposure Parameters
There are no standard d e f a u l t exposure parameters for c a l c u l a t i n g subchronic and acute
exposures of residents to soi l , so the f o l l o w i n g fac tor s were selected based on profe s s ional
j u d g e m e n t . All are based on an assumed exposure of a re s ident ia l child to soil in the yard of the
home.

R:\Vasquez & I - 7 0 \ P r o j e c t Plans\Phase I I I \ D o c u m e n t \ a c u t e and subacute.wpd



Parameter
S o i l Intake
Body weight
Exposure frequency
Exposure duration
H I F

U n i t s
mg/event
kg
days
days
k g / k g - d

A c u t e
2,000

15
1
1

1.3E-04

Sub-Chroni c
500

15
30
120

8.3E-06
T o x i c i t y fa c tor s
Acute and sub-chronic oral t ox i c i ty f a c t o r s for arsenic are summarized below:

Duration
Acute
Sub-chronic

RfD ( m g / k g - d )
1E+00
6E-03

Sourc e
A T S D R 1 9 9 3
U S E P A 1995

S c r e e n i n g Level RBCs for Acute and Sub-Acute Exposures
Based on these inpu t s , screening-level RBCs for acute and subchronic exposure are:

RBC(acute)
RBC(subchronic)

7,500 m g / k g
720 m g / k g

It is important to stress that these screening level RBCs do not incorporate any s i t e - s p e c i f i c
in format i on , and that these values may not be equal to the f ina l RBCs d e v e l o p e d for the site a f t e r
all r e l i ab l e s i t e - s p e c i f i c data have been incorporated.

A p p l i c a t i o n of Acute and Sub-chronic RBCs
An important attribute of the RBCs for subchronic and acute exposure is that they a p p l y to
exposure areas that are smal l er than for chronic exposure. For example , subchronic exposure
might occur in a pr e f e r en t ia l p l a y area, perhaps 1/5 of the size of the yard, while acute exposure
might occur at any locat ion within the yard.
If a yard were sampled by c o l l e c t i o n of m u l t i p l e grab sample s of s o i l , the approach for a p p l y i n g
the subchronic and acute RBCs would be as f o l l o w s :

R:\Vasquez & I-70\Projec t Plans\Phase I I I \ D o c u m e n t \ a c u t e and subacute.wpd



Duration T e s t Int erpr e ta t i on
Acute Compare acute RBC to maximum

value
Max <= RBC = acceptable
Max > RBC = p o t e n t i a l l y unacceptable

Subchronic Divide yard into f i f t h s , i d e n t i f y
that which is most contaminated.
Compare sub-chronic RBC to
mean concentration

H i g h e s t mean <= RBC = acceptable
Highe s t mean > RBC = po t en t ia l ly
unacceptable

At the V B I 7 0 site, a total of 30 grab sample s will be co l l e c t ed f rom each yard. However, these
will not be analyzed indiv idual ly , but will be composited into 3 sets of 10. Thus , direct
a p p l i c a t i o n of the evaluation procedure above is not po s s i b l e . However, it is p o s s i b l e to
determine whether a yard that passed the test for chronic risk could have contamination l ev e l s
that f a i l e d either the acute or the subchronic tes t , as f o l l o w s .
Acute Evaluation
Consider a yard in which 29 of the 30 total sample s co l l e c t ed at a p r o p e r t y were at background
level s (about 20 ppm), and one sample was at the level of acute health concern (7,500 ppm).
T h e n , the expec ted values for each of the three 10-point c ompo s i t e s and the grand mean across
the 3 compos i t e s would be:

Composi te 1: (9*20 ppm + 1 *7500 ppm) /10 = 768
C o m p o s i t e 2: (10*20 ppm) /10 = 20 ppm
C o m p o s i t e S : (10*20 p p m ) / 1 0 = 20 ppm

ppm

Grand mean = (768 ppm + 20 ppm + 20 ppm) 73 = 269 ppm
Thus , the lowest grand mean that could be achieved if there were even one locat ion in the yard
which exceeded the acute RBC is 269 ppm. T h i s value is subs tantial ly higher than the d e f a u l t
chronic RBC (43 ppm), so any proper ty which passes the test for chronic risk will also pass the
test for acute risk.

Sub-chronic Evaluation
Consider a yard in which 1/5 of the area was at a level of sub-chronic concern (720 ppm), while
the remainder was un-impacted (20 ppm). Then, the expected values for each of the three 10-
point c ompos i t e s and the grand mean across the 3 compos i t e s would be:

Compos i t e s (all): (8*20 ppm + 2*720 ppm) /10 - 160 ppm
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Thus, the lowest value that the composites (either alone or combined) could have if one fifth of
the yard exceeded the sub-acute RBC is 160 ppm. T h i s value is subs tant ial ly higher than the
d e f a u l t chronic RBC (43 ppm), so any proper ty which passes the test for chronic risk will also
pass the test for sub-chronic risk.
Conclusion
Available data support the view that properties which have been contaminated with arsenic are
not uni formly contaminated, and that some sub-locations within a yard may be substantially
more contaminated than the yard-wide average. In such cases, pre f erent ia l exposure at these
"hot-spots" could conceivably be of acute or sub-chronic health concern. However, any proper ty
that has at least one sample location that exceeds the acute RBC for arsenic, or that has a sub-
area ( l / 5 t h the size of the yard) that exceeds the sub-chronic RBC for arsenic, will automatically
fa i l the test for chronic concern. Thus , app l i ca t i on of a single test (comparing the yard-wide
average to the chronic RBC) will i d e n t i f y all propert i e s that are of concern for acute, sub-chronic
and/or chronic health concern. Use of the 95 t h upper-conf idence limit of the mean as the test
statistic provides an even wider margin of sa f e ty for all three tests.
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